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HE increasing incidence and sever- 

ity of staphylococcal disease are 
phenomena of grave worldwide con- 
cern. Extensive programs aimed to- 
ward prevention and eradication of 
this disease are under development 
in many countries at the 
Until the aims of 
tion and eradication can 
however, it is of value to review prin- 


In present 


time.*~ preven- 


be realized, 


ciples of management applicable to the 
patient presenting with infection due 
to Staphylococcus aureus. 

During the past decade continuous 
changes in the treatment of staphy- 
loeocecal disease have been necessary 
because of differences in the predomi- 
nant clinical the 


and the awesome adaptability of the 


patterns of disease 


organism. Changing clinical patterns 
of 
noted in all age groups.‘ 


have been 
In the last 


few years medical literature has con- 


staphyloecoceal disease 


tained increasing numbers of epidem- 
ies of staphylococcal breast abscess, 


gastroenteritis, septicemia, and empy- 
Pediatrics, Baylor 
Pedi- 
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ema of the newborn infant,** all enti- 
ties which were rare prior to 1950. The 
emergence of ‘‘antibiotiec resistant’’ 
strains following extensive antibiotic 
usage is a matter of record.® ?° Fre- 
quent re-evaluations of general prin- 
ciples of management and changes in 
specific antibiotic therapy have been 
necessary in order to keep abreast of 
this changing New anti- 
staphylococcal antibioties are being de- 
veloped, and they must be tried elin- 
ically their 


present ly 


situation. 


establish 
the 


in order to 


relative value among 
available agents. 

Many factors must be considered in 
the evaluation of the efficacy of any 
therapeutic program for the manage- 
ment of staphylococeal disease. These 
include the type of patient infected, 
the time of the infection, the locality 
in which the infection oceurs, and the 
site of infection. The age of the host 
and the efficiency of his defense mech- 
anism are factors which influence the 
suecess of treatment. . Studies of Fin- 
land,® Spink,* Hinton and Orr,’ and 
others have demonstrated changing 
antibiotic susceptibility of staphylocoe- 
eal strains in individual hospitals over 
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a pel iod of several years. Consequent- 
different 


therapy, even within a single hospital, 


lv, results using types of 
eannot be compared if the eases occur 


The 


Occurs 


at widely separated intervals. 


locality in which infection 


also affects the outcome of treatment. 


Results obtained in patients aequir- 


ing their infeetions outside of the hos- 
pital cannot be compared with results 
in patients with hospital-aequired dis- 


ease. Studies of ‘‘street strains’” of 


staphylococci isolated from patients 


acquiring disease in the community 


show these strains to have a different 
antibiotic sensitivity pattern from 
those isolated from nosocomial infee- 
tions 


In addition to differences between 
strains aequired in hospital and non- 
hospital environments, there may be 
differences in hospital-acquired strains 
depending upon the antibioties most 
the 


Therefore, in the diseussion 


extensively used by individual 


hospital! : 
of the results of management of any 
group of staphvlococeal infections, the 


phage types and the antibiotic suseep- 


tibilities of the etiologie agents must 
he clearly defined. 
During the two vear yp riod from 


August, 1956, to August, 1958, approx- 
imately 400 children with staphylocoe- 
seen at Jefferson 
Th 


~04 of the eases was suitable for anal 


eal disease were 


Davis Hospital. management of 


ysis. Eighty per cent of the infections 
were nosocomial and 20 per cent non- 
The 
204 


another ar- 


hospital aequired. antibiotic 


management of these eases has 


been deseribed briefly in 


ticle."* The following article is a more 


detailed aceount of the results of the 


treatment of staphvlococeal disease 


occurring in the pediatric age 


range 
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over a two-year period of time, in % 
single hospital, and with the utiliza- 
tion of a variety of currently avail- 
able antibiotie agents. Broad princi- 


ples of management based eXx- 


perience with this group of patients 


upon 


are outlined. 


DESCRIPTION OF CASES 


Selection.—The 


study were limited to those occurring 


eases selected for 
in a time interval (1956 to 1958) dur- 
ing which the phage types and anti- 
biotic sensitivities of prevalent strains 
at Jefferson Davis Hospital were eom- 
parable. Only those cases in which 
the diagnosis was established by iden- 
tification of the organism and in which 
there was a minimal follow-up period 
The lat- 


as- 


of one month were included. 


ter precaution was necessary in 


sessing results of therapy sinee the 
relapse rate of staphyvlococeal disease 
is high, especially in the newborn in- 
fant. Children with severe debilitat- 
ing or neoplastic diseases were exelud- 
ed from this study. 


Distribution.—The ages of the 


patients ranged from 12 hours to 12 


Age 


vears (Fig. 1). There were 155 babies 


under 2 months of 32 infants 


age, 


from 2 : 


months to 2 vears of age, and 


17 older ehildren. The babies under 


” months of were further elassi- 


age 
fied as to prematurity or term birth. 


Nite of Disease—The forms of dis- 
ease encountered were superficial skin 
infections and deep subeutaneous ab- 
scesses including breast abscesses, sep- 
ticemia, pneumonia, gastroenteritis, 
osteomyelitis, meningitis, otitis media, 
omphalitis, eonjunctivitis, abdominal 
abscesses, and laryngotracheobronchi- 
Table 1) 


tis Sixty-six of the patients 
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TABLE |. Site oF INFECTION AND MORTALITY RATE IN 138 PATIENTS WITH SERIOUS 
STAPHYLOCOCCAL DISEASE 


SITI NUMBER DEATHS PERCENTAGE 
Septicemia +0) 19 47 
Pneumonia 26 i) 19 
Deep abscess 36 3 Ss 
Gastroenteritis 16 2 12 
Meningitis 3 2 66 
Miscellaneous 17 2 12 

Total 138 33 24 
had impetigo or conjunctivitis alone; to age is striking (Fig. 2). Fifty-one 


the other 138 children had more severe — per cent of the newborn infants (both 


involvement. Of the 138 patients with — full term and premature) had dissem- 
» 


serious staphylococeal disease, 57 had inated infections. After the age of 


AGE DISTRIBUTION IN 138 CHILDREN WITH 
SERIOUS STAPHYLOCOCCAL DISEASE 
100 r 


80F 


PER CENT 


NEWBORN 2 MOS OLDER 
Premature Full Term 2 YRS CHILDREN 


RELATIONSHIP OF DISSEMINATION OF STAPHYLOCOCCAL 
DISEASE TO AGE OF PATIENTS 


100 r 


75 


50} 
| | 
Q a 


0-2 MOS 2MOS-2 YRS. OLDER CHILDREN 


PER CENT 


Fig. 2 Analysis of 138 patients with serious staphylococcal diseas¢ 


two or more manifestations of the dis- months, the percentage of patients 
ease, such as impetigo and pneumonia, with multiple sites of involvement 
impetigo and septicemia, subeutaneous dropped to approximately 25 per cent. 
abscess and gastroenteritis. The re- Description of  Organism.—T he 


lationship of degree of dissemination strains of staphylococci isolated from 
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this group of patients were tested for 
antibiotic sensitivity pattern by the 
disk and tube dilution techniques. Ap- 
proximately 75 per cent of the strains 
were phage typed. The organisms 
infecting the newborn infant showed 
considerable uniformity in antibio- 
grams and phage types. This was less 
marked in the organisms isolated 
from older infants and children. All 
strains of staphylococci isolated from 
newborn infants with impetigo and 
severe forms of disease were of the 
‘hospital strain,’’ a strain resistant 
to penicillin, streptomycin, tetracyline, 
and erythromycin. The majority of 
strains isolated from the newborn in- 
fants were phage type 81 (42B/81/- 
444/70). Most of the phage type 81 
strains showed resistance to penicillin, 
streptomycin, and the _ tetracyclines, 
while 70 per cent were resistant to 
erythromyein, 50 per cent to chlor- 
amphenicol, and 5 per cent to novo- 
hioein. Ninety-five per cent were sen- 
sitive to bacitracin and all were sen- 
sitive to neomycin. Approximately 
one-half of the strains were tested 
against kanamyein and vancomycin 
and were all sensitive to these two 
antibioties. 

The organisms isolated from older 
infants and children were less uniform 
in their phage types and sensitivity 
patterns. In this group of 49 strains, 
26 were considered to be ‘‘hospital 
strain,’’ 12 .were considered to be ex- 
trahospital acquired, and 11 were of 
Ten of the 49 
sensitive, 12 


indeterminate origin. 
strains were penicillin 
streptomycin sensitive, and 15 tetra- 
cycline sensitive. It is of interest that 
epidemic strain 81 was isolated from 
a severely ill 2-year-old boy who had 
This 


no known contact. 


hospital 
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strain was therefore classified as an 
outside strain. 

Diagnostic Methods.—In superficial! 
infections, such as conjunctivitis and 
impetigo, direct smear and culture of 
the lesions were performed. The etio- 
logie agent in most cases of breast 
abscess, deep subcutaneous 
and osteomyelitis was identified from 
material obtained at the time of sur- 
gical drainage. In several instances in 
which cellulitis resolved without drain- 
age, the specific diagnosis was not veri- 
fied until dissemination of the organ- 
ism to other sites was revealed at post- 
mortem examination. In two eases 
which did not require drainage, the 
etiologic agent was identified by the 
presence of an associated staphylococ- 
eal bacteremia. 

The diagnosis of septicemia due to 
Staphylococcus aureus was a particu- 
larly difficult one because of the like- 
lihood of contamination of cultures. 
Since most of the infants with serious 
staphylococeal disease had heavy col- 
onization of the nose, throat, skin, 
and gastrointestinal tract, it was es- 
sential to exercise extreme care in ob- 
taining and interpreting results. Both 
broth and pour plate techniques were 
carried out on each blood sample. In 
the patients who died there was a 
close correlation between the clinical 
diagnosis of septicemia, results of the 
postmortem blood culture, and the 
demonstration of multiple sites of 
staphylococcal involvement at 
mortem examination. 

Rigid specifications were met for the 
diagnosis of staphylococcal pneumonia. 
The diagnosis was established by one 
of the following: isolation of the 
organism from empyema fluid, isola- 
tion of the organism from material 
obtained by lung puncture, using the 


abscess, 


post- 
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technique of Disney and associates,’® 
the existence of staphylococcal bac- 
teremia in conjunction with pneumo- 
nia, or microscopic evidence of staphy- 
lococeal pneumonia at autopsy. Pre- 
dominance of Staphylococcus aureus in 
the throat even in the older child 
with pneumonia was not considered 
valid proof of its etiologic role. The 
coexistence of pneumatocele and pneu- 
monia was considered suggestive but 
not diagnostic. 

The diagnosis of gastroenteritis due 
to the staphylococcus was made by the 
use of the direct smear and culture 
of the stool. The former was the 
more reliable procedure sinee it fur- 
nished a rough quantitative estimate 
as to the relative proportions of the 
various organisms. Culture of the 
stool was often misleading because of 
the inhibitory effect of the Gram nega- 
tive bacilli upon staphylococeal growth. 
In many eases culture of the stool 
showed only Gram _ negative bacilli, 
whereas the direct examination of the 
same specimen revealed Gram _posi- 
tive eoeci to be the predominant flora. 
In addition to the usual media em- 
ployed for stool culture, blood agar 
and differential media* were used. In 
two eases the diagnosis was verified 
by demonstration of the presence of 
Staphylococcus aureus in perforating 
abscesses of the bowel at postmortem 
examination. 

The spinal fluid of three patients 
with meningitis had an increase in 
cell count, an inerease in protein, and 
sugar. The causative 
was demonstrated both 
smear and culture. 


a deerease in 
agent by 
Management.—Certain broad _prin- 
ciples of management were applied to 





No. 
Mich 


Medium Difco 


Detroit, 


110, 


*Staphylococcus 
Inc., 
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all of these patients. Suspect and 
isolation areas were provided and 


techniques of care rigidly enforced. 
Suspect areas were designated for the 
housing of patients in which the diag- 
nosis of staphylococeal disease was 
suspected but not definitely proved. 
Patients with obvious skin infection 
and with proved staphylococeal dis- 
ease were placed in isolation. Special 
nurses were assigned to these areas, 
and much of the time a particular 
physician was assigned to the care of 
patients in suspect and isolation areas. 
Optimal nursing and physician care 
served two functions; namely, it as- 
sured the patient the best of care and 
it protected other patients in the unit. 

In addition to close supervision dur- 
ing hospitalization, it seemed neces- 
sary to keep the young infants under 
surveillance for a _ period of 
additional 
accomplished by supplementation of 


close 
several months. This was 
elinie visits with home visits by public 
health nurses oriented to this problem. 
A significant number of infants re- 
quired readmission for either a reeur- 
renee of the original manifestation or 
involvement of another system. 

A large number of the children with 
serious disease had multiple sites of 
involvement. In many eases it was diffi- 
cult to decide which site was primary 
or most significant in the patient’s 
course. In the newborn period partie- 
ularly, it is almost meaningless to 
separate a discussion into the entities 
of septicemia, meningitis, osteomyelitis, 
and pneumonia, since dissemination is 
so rapid However, 
since the choice of type of medical 


and frequent. 

or surgical management depends so 

largely on the major area of involve- 
gel) J 


ment, an attempt is made to diseuss 
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the specific methods of management 


by the major site of disease. 


Impetigo.—The 85 eases of impetigo 


diseussed here occurred in newborn 
infants and were hospital acquired. 
The age of the patient and strain of 


the organism influenced the seleetion 


of therapeutic agents and, presumably, 


the outcome. Fifty-six infants had 
mpetigo alone. In this group 36 
were treated with chloramphenicol, 
orally or intramuscularly, 10 received 


and 10 
survived. 


intramuscularly 
All 
had 


oceurring simul- 


kanamvein 


were treated loeally. 


Twenty-nine — babies impetigo 


either preceding or 


taneously with more severe forms of 


staphylococcal disease. Fourteen of 
the 29 


as the 


gave a history of pyoderma 


initial manifestation. Two- 


the 14 


(chloramphenicol or kanamy- 


thirds of received systemic 
therapy 
and one-third received loeal ther- 
This 


make it 


em 


apy. group of patients is too 
possible to decide 


the 


small to 


whether or not use of systemic 
therapy influenced systemic invasion. 


At the 


controlled data available on the safest 


present time there are no 


method of treating impetigo neonato- 
“S1.°° In 


man- 


rum due to epidemic strain 


our hospital two principles of 


agement, loeal therapy and close ob- 


servation of the patient, were carried 
out in the latter months of this study. 
Local therapy consisted of the use of 


sponge bathing with a liquid deter- 


gent containing | per cent hexachlor- 


ophene,* opening of lesions, and appli- 


haeitraein oint 


cation of 1 per cent 

ment or antibiotic powder? depending 

m the site of the lesion ‘Close 
*pHisohex (Winthrop Laboratories New 


York, N. Y liluted to contain L per cent 

hexachlorophene 
Neomycin—bacitracin lusting powder 
womvein sulfate me. per gram and baci 
me per gram in i starch powder 


tracin 
bist 
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observation’’ of the baby was defined 
as daily examination of infants seen 
on an outpatient basis and examina- 
tion several times per day in hospital- 
ized This 


cluded close inspection of most com- 


patients. examination in- 
monly involved skin areas, namely, 
the axilla, the groin, the periumbilical 
area, the neck, and the areas between 
the fingers and behind the ears. It also 
implied observation for spread of in- 
fection, either locally or systemically. 
A close check of feeding, behavior, tem- 
perature, and weight gain was main- 
tained. If the infection 
there 


local pro- 


gressed or Was suggestion of 
other types of involvement, either by 
history or physical examination, in- 
tensive systemie therapy was initiated 
with a bactericidal drug. 

It was considered important in the 
the 


control temperature and humidity of 


care of infant with impetigo to 
the environment since hot, moist skin 
surfaces appeared to be favorable for 
spread of infection. Temperature and 
humidity were maintained as low as 
was practical. Venepunctures and 
lancet pricks were reduced to a min- 
imum. Periumbilical and perineal 
areas were kept scrupulously clean and 
Moist 


and 


abraded areas 


the 


lotion.* 


dry. and were 


dried protected by use of 


antibiotic powder or Oiling 
of the sealp and skin was prohibited. 
No eleetive surgical procedures were 
performed until the infants had been 


well at least one month. 


Conjunctivitis.—The age of onset of 
conjunctivitis In ten eases was 6 to 15 
days with the exeeption of one infant 


who developed conjunctivitis on the 


second day of life. Care was taken 
to differentiate true infeetion from 
*Neomycin—bacitracin shake lotion Neo- 


gram and bacitracin 
zinc-oxide 


sulfate 5 meg. per 
per gram in a 


mycin 


10 me base 
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chemieal irritation due to silver ni- 
The the 


nated the latter possibility in most in- 


trate. age of infants elimi- 
All of the eases of conjune- 
the 


Four patients were treated 


stances. 


tivitis were due to **hospital 
strain.”’ 
with systemic antibioties and 6 with 
local therapy alone. Response to ther- 


apy was uniformly good with no 
marked difference in the length of in- 
fection in the two groups. The cases 
were too few to draw any conclusions 
as to the necessity for systemie admin- 
istration of an antimicrobial agent. 
Duration of therapy depended upon 
the 


treatment was one week. 


Deep For 
simplicity of diseussion, the deep sub- 


response. The average length of 


Subcutaneous Abscess. 


cutaneous abseesses and breast ab- 


scesses have been grouped together. 


There were 36 patients in this group 
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3 patients died, all of whom were new- 
born infants. In 2 of the 3, adequate 
drainage of the initial staphylococeal 
but 


posed infection due to Pseudomonas 


lesion was obtained, superim- 
aeruginosa oceurred and the terminal 
cause of death appeared to be pseu- 
the third 


patient the area of cellulitis resolved 


domonas septicemia. In 
but dissemination and secondary in- 
the 
while the baby was under treatment. 


volvement of lungs developed 
Seven patients, 4 newborn babies and 
3 older infants, were treated with a 
single bactericidal agent, kanamycin. 
Four patients required drainage for 
abscess formation and three resolved 
under therapy. There were no deaths 


on this regime. 


Not only was the mortalitv§ rate 
higher in the newborn period than in 
older infants and children but the 


TaBLe IT. Resutts oF THERAPY IN 36 CASES OF DEEP ABSCESS DUE TO STAPHYLOCOCCUS 
AUREUS 
TYPE OF THERAPY NUMBER RECOVERIES DEATHS 
Bacteriostatie agents 29 26 3 
(erythromvyein, chlorampheni ‘ol, 
novobiocin ) 
Kanamyein 7 0 


Table IT). 


Twenty-five were new- 
abseesses or 


The re- 


and 


babies with breast 


deep subeutaneous abscesses. 


maining 11 were older infants 


children with deep subeutaneous ab- 
seesses. Incision and drainage of the 
abscess was performed in three-fourths 
of the eases. The others had resolution 
of the process during antibiotic ad- 
miuistration. Twenty-nine of the 36 


children were treated with bacterio- 


static agents, the majority receiving 
erythromycin and chloramphenicol or 
novobiocin, or with a_ bacteriostatic 
agent in addition to penicillin or strep- 
(Table II). In this 


tomyecin group 





morbidity was greater in this 


age 

group. The average duration of ther- 

apy was two weeks. 
Septicemia.—Forty patients proved 

to have staphylococeal septicemia 

(Table IIT). 

less than 2 months of age, 4 in the 2 


months to 2 


This ineluded 31 babies 


year old group, and 5 
in older children. Although initially 
there was no demonstrable localization 
of the organisms other than in the 
blood stream, repeated frequent ap- 
praisals of these patients were neces- 
sary to detect metastatic abscess for- 
mation in the viscera. The most com- 
secondary abscess 


mon sites of 
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formation in patients with primary 
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involvement in most cases. Frequent 


























septicemia were the lungs, bones, urinalyses were performed, especially 
gastrointestinal tract, and central when patients were being treated with 
4 ° ry 
nervous system. potentially nephrotoxie agents. There 
5 DAY OLD FEMALE 
SEPTICEMIA, PYODERMA 
DUE TO 

w -_ STAPHYLOCOCCUS AUREUS 

a 

2 104 

- 103 

- 102 

w 101 

a 100 

= e9 

a ° 

> 7 
OAY OF HOSPITALIZATION —~ | 2 3 4 s 6 7? e s 10 " 12 13 14 is 16 17 
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BLOOD CULTURE + + oo -~ = rm 
PUSTULE CULTURE + 
UMBILICAL CULTURE + 
ERYTHROMYCIN 1Smgm / Kg / doy | 
CHLORAMPHENICOL 150 mgm / Kg / day | 
KANAMYCIN [ 50 mgm/ Kg/ day | 

Fig. 3 
Frequent chest examinations by was remarkably little evidence of uri- 

roentgenograms were performed in nary tract involvement due to infee- 


infants with septicemia sinee they 
proved to be especially helpful in the 
early diagnosis of empyema. However, 
roentgenographie studies were less re- 
the 


pulmonary abseesses since many pa- 


liable in diagnosis of multiple 
tients with multiple abscesses at post- 


had 


roentgenograms shortly prior to death. 


mortem examinations **normal”’ 


tion. Because of the silent nature of 
meningitis in the newborn infant, ex- 
amination of the spinal fluid was per- 
formed routinely. Development of dis- 
tention and adynamic ileus simulating 
organic small bowel obstruction oe- 
eurred frequently and was particularly 
difficult to treat. In these infants 


oral feedings were discontinued and 


TaBLeE IIT. Resvuuts or THERAPY IN 40 CASES oF STAPHYLOCOCCAL SEPTICEMIA 
TYPE OF THERAPY NUMBER DEATHS PERCENTAGE 
Bacteriostatic agent or bacteriostatic 
agent with penicillin or strep 
tomycin 12 8 67 
Bacitracin or bacitracin after fail 
ure of bacteriostatic agent 3 36 
Kanamyein or kanamvein after fail 
ure of bacteriostatic agent 16 4 25 
l'reatment of less than 24 hours $ 100 
Total 40 19 47 
Bone survey roentgenograms were attempts made to decompress the 


performed in approximately one-third 
of the babies with septicemia but close 


inspection made the diagnosis of bony 


bowel. Fluid requirements were ful- 
filled by parenteral routes. Oxygen was 
infrequently needed since few patients 
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even in the 


abscesses. 


had respiratory distress 
presence of miliary lung 

Twelve children were treated with 
a bacteriostatic agent (erythromycin, 
chloramphenicol, novobiocin) alone, in 
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infection of an 80 per cent second and 
third degree body burn. Her death 
was probably due principally to the 
severity of the burn. 


The optimal duration of therapy was 


combination with another bacterio- difficult to determine. Although the 
static agent, or in combination with temperature course, white blood cell 
penicillin or streptomycin. Eight of count, and differential were not help- 
these children died. Eight children ful in every case, they served as a 
TaBLeE IV. Resutts or IniTIAL THERAPY IN 26 CASES OF STAPHYLOCOCCAL PNEUMONIA 
TYPE OF THERAPY NUMBER RECOVERIES FAILURES DEATHS 

Bacteriostatic agent or bacteriostatic 

agent with penicillin or strep- 

tomycin 17 2 15 2 
Bacitracin or bacitracin with bac- 

teriostatic agent 6 a) ] 1 
Kanamycin | 1 0 0 
Treatment of less than 24 hours 2 0 2 2 
received bacitracin initially or baci- guide in many eases. Increase in ap- 


late after 


to bacteriostatic 


tracin failure of response 
There 
3 deaths in this group. Kanamyein was 
used in the treatment of 16 patients 
with 4 Another 4 children 
died within 24 hours of admission so 
that no drug was considered to have 


agents. were 


deaths. 


TABLE V. RESULTS OF TREATMENT WITH 


BACITRACIN 


petite and weight gain were very re- 
liable guides in the young infant. Be- 
eause of the high relapse rate, the 
average duration of therapy for sep- 
ticemia without known localization of 
organisms in other sites was 3 to 4 
weeks. 

OR KANAMYCIN OF 13 


CASES OF 


STAPHYLOCOCCAL PNEUMONIA WHICH FAILED TO RESPOND TO OTHER ANTIBIOTICS 


TYPE OF THERAPY NUMBER RECOVERIES DEATHS 
Bacitracin 10 10 0 
Kanamycin 3 3 0 
had an adequate trial (Table III). Pneumonia.—In an analysis of the 


Surprisingly, in the patients with sep- 
ticemia the percentage of deaths was 
not greatest in the newborn age group. 


? 


Fourteen of the 31 newborn infants, 
4 of the older infants, and one 4-year- 
old girl died. Analysis of these unex- 
pected figures revealed that each of the 
older infants was critically ill on ad- 
mission, with a history of illness of 6 
to 10 days’ duration without therapy. 
The 4-vear-old girl had blood stream 
invasion secondary to staphyloccocal 


138 eases of serious staphylococeal dis- 
ease, an attempt was made to differ- 
entiate pneumoniec involvement second- 
ary to septicemia from a pneumonic 
involvement which was primary in the 
respiratory tract. The 26 cases diag- 
nosed as pneumonia fall into the latter 
group. The majority of these patients 
were between the ages of 2 months and 
2 children 
initially with a_bacte- 


Seventeen of the 


treated 


years. 
were 


riostatie agent or a bacteriostatic agent 
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combination with penicillin or 


Only 2 pa- 


in 
streptomycin (Table IV). 
recovered on this therapy, 
died, and 13 
to either kanamycin 


(Tables IV and V). 


ceived bacitracin alone or in combina- 


tients 
subsequently responded 
or bacitracin 
Six patients re- 


tion with a bacteriostatic agent (Table 
IV). Kan- 


amyein was used alone sueeessfully in 


Five recovered, one died. 


one of the cases of pneumonia (Table 
IV). The 18. children failed 


to respond to bacteriostatic antibiotic 


who 


treatment were treated with bacitracin 
or kanamyein (Table V and Figs. 4 
and 5 Eleven recovered completely. 
One of these children developed osteo- 
myelitis of a rib overlying empyema 
fluid and one had residual atelectasis. 
Two of the infants developed a fulmi- 
nating infection at home and were hos- 
pitalized such a short time before death 
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In 
three diagnostic 
thoracentesis was sufficient. The mor- 
the 26 patients with 


neeted to water-sealed drainage. 
instanees a_ single 
tality rate of 
pneumonia was not influeneed by the 
presence of empyema or the type of 
drainage used. Decortication was not 
necessary in any instance. The type of 
supportive care was similar in all eases. 
Age seemed factor in the 
number of deaths. The percentage of 
deaths was 30 per cent in the neonatal 
period and 16 per cent in the children 
The 


with staphylococeal 


to be a 


» 


from 2 months to 2 vears of age. 


only older child 
pneumonia had an uneventful re- 
covery. 

The duration of therapy was 3 weeks 
to 214 months. The minimum length 
of therapy was fixed at 21 days on 
the basis of the findings of Disney and 


his associates.’ 


TasBLe VI. Resvuits or THERAPY IN 16 CASES OF STAPHYLOCOCCAL GASTROENTERITIS 
TYPE OF THERAPY NUMBER RECOVERIES DEATHS 
tacteriostatic agent 8 6 2 
Kanamyein 6 6 0 
: ” "» 0 


Neomycin (oral 
that effectiveness of therapy eould not 
Table IV). 


In the evaluation of the antimicro- 


be assessed 


bial therapy of pulmonary infections, 


other factors must be considered, 


namely, the presence of empyema, the 


method of drainage selected, the type 


of supportive eare given, and the a 


ge 
of the patient. 
Seven of the 26 babies had empyema 


in association with the pneumonie 


process. Drainage was accomplished in 


3 of these by repeated thoracentesis 


with aspiration of purulent material 


and instillation of baeitracin. One re 
quired closed drainage by means of 
intercostal insertion of a tube eon 


Gastroenteritis.—S ix teen patients 
were treated for staphylococeal gastro- 
(Table VI). 
of these patients was from the ages 
of 1 day to 41 days. There 2 
deaths, 1 in a premature infant and 


enteritis The age range 


were 
1 in a full-term baby. Eight patients 
received a bacteriostatie antibiotic, 6 
kanamyein, and 2 oral neomyein. Both 
deaths oceurred in the former group. 

As in the septicemia group, advy- 
namie ileus was a diffieult problem in 
the management of gastroenteritis. 
and 
instituted, 


Feeding was discontinued meas- 
to 


Adequate hydration 


ures relieve distention 


Was maintained 


by use of parenteral fluid. 
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Fig. 5.—Kanamycin treatment of staphylococcal pneumonia in a 12 month-old infant. a, 
Prior to treatment b, Poor response to treatment with bacteriostatic antibiotics, patient 
critically ill c, Improvement during kanamycin therapy d, After 2 weeks’ treatment witl 


kanamycin. 
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Duration of treatment was individ- 
ualized, but the average length of anti- 


biotic administration was 14 days. 
Although several 


tients developed meningitis secondary 


Meningitis. pa- 
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survived. It was possible to sterilize 
fluid of the 


babies, but a large walled-off abseess 


the spinal another of 


in the frontal lobe was diseovered at 


postmortem examination. The third 


3 WEEKS OLD FEMALE 
GASTROENTERITIS DUE TO 
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Fig Section of the bowel of a 
xastroenteritis Note perforating ulcers 
was made to close one of these at time of 


3 presented with 
All 


months of age and had 


to septicemia, only 
meningitis as the major difficulty. 
3 were under 2 


nosocomial infections. Various com- 


binations of baeteriostatie and bacte- 
rieidal drugs by intramuseular, mtra 
venous, intratheeal, and intraventrie 
ular route were administered. In spite 


of vigorous therapy only one patient 


21-day-old 
Suture 
surgery 24 








staphylococcal 
where attempt 


succumbed to 
observed 
death 


infant who 
material can be 
hours before 


infant developed hydrocephalus and 


died. 


Viscellaneous Sites of Involvement. 
The 17 patients classified as miscel- 
laneous in Table I had the following 
types of involvement: osteomyelitis 5, 


omphalitis 3, otitis media 3, appendi- 


eeal abseess 2, retroperitoneal abscess 
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1, laryngotracheobronchitis 1, ethmoid- 
itis 1, and liver abseess 1. The patient 
died 
due to massive edema of the larynx 
and trachea. The patient with liver 


with  lJaryngotracheobronchitis 


abscess had a long-standing disease 
with inadequate drainage. The 
maining 15 patients in this group re- 
sponded to combined medical and 
surgical treatment. Response to kan- 
amyein or bacitracin therapy after 
failure of chloramphenicol, erythro- 
myein, or novobiocin was striking in 


re- 


several instances (Fig. 8). 


105 
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103 
102 
101 
100 
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to have an infection aequired outside 
the hospital. These antibioties were 
used in combination with some other 
until results of in vitro 
were available. After 24 to 48 hours, 
treatment was adjusted according to 
the antibiotic susceptibilities of the in- 
fecting strain. 

The patients with hospital-aequired 
infections treated during the first year 
of this study usually received a com- 


agent tests 


bination of erythromycin and _ strep- 
tomyein, erythromyein and chloram- 
phenicol, or chloramphenicol or novo- 


9 Year Old Boy 
Appendiceal Abscess 


Day of Hospitalization => 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 


Blood Culture 


Penicillin 
Streptomycin 
Novo biocin 
Erythromycin 


Bacitracin 


Fig. 


Selection of Antimicrobial Agents, 
and Route—Antimicrobial 
agents were usually selected on the 


Dosage, 


basis of in vitro sensitivity patterns 
of the organisms. However, as Wise’ 
points out, immediate therapy must be 
empirical. The first 24 to 48 hours of 
antibiotic therapy must be planned ae- 
cording to the probabilities of certain 
antibioties being effective. Penicillin, 
the and 
were not used alone initially in any 


tetracyclines, streptomyein 


of these patients, even those considered 





+ + - - 
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biocin alone. Disappointing results 
using these commonly used antibioties 
and inereasing awareness that a large 
proportion of these cases were due to 
the 


loecoeeus led to a trial of 


virulent phage type 81 staphy- 
other anti- 
bioties. Bacitracin and later the new 


antibiotic, kanamycin, were used. 
Both of these drugs seemed especially 
suitable for use in infants and children 
because of their bactericidal activity 


and beeause they could be adminis- 


tered by the intramuscular route. 
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the various antibiotic 


Tables VII 


The dose of 


used is outlined in ane 


VIL. 


seriously ill patients all antibioties 
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The concentration of bacitracin 
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Ss 


were given initially by the parenteral 
route for a minimal period of 48 hours. 


Oral therapy was used when the pa- 


in solutions used for instillation was tient began to improve and where it 
TABLE VII. BAcTERIOSTATIC ANTISTAPHYLOCOCCAL ANTIBLOTICS 
DAILY DOSAGE INTERVALS 
DRUG ROUTE mg./kg. ) (hours ) SIDE EFFECTS* 
letraeyline Oral 30-50 6 Hypersensitivity; gastro 
intra intestinal irritation 
muscular 30-50 
intra 
venous 30-50 
Chloramp! enieo Oral 30-100 6 Rare bone marrow injury; 
gastrointestinal irritation 
intra 
muscular 30-100 6-12 
mitra 
venous 30-80 
Ervthromvein Oral 20-50 6 Gastrointestinal irritation 
Novobioein Oral 20-50 6 Ilvpersensitivity reactions 
intra 
venous ?-O-30 
Oleandomyein Oral 20-50 6 Gastrointestinal irritation 
Ristocetin intra 
venous 25-200 6-8 Skin rash; thrombophlebitis 
Side effects as reported in literature. 
TABLE VILL. BactTericipAL ANTISTAPHYLOCOCCAL ANTIBIOTICS 
DAILY DOSAGE INTERVALS 
DRUG ROUTE (mg./kg.) (hours SIDE EFFECTS 
Penicillin G intra 20,000-50,000 3-6 or Hypersensitivity reactions 
aqueous museulat U./kg./day continuous 
intra 20,000-50,000 intra 
venous U./kg./day venous 
Streptomyein intra 20-50 8 Fighth cranial nerve dam 
muscular age; hypersensitivity re 
actions 
Racitracin intra 600-1200 6 Nephrotoxicity; pain on in- 
muscular U./kg./day jection; eosinophilia 
Neomys in intra 10-15 6-12 Nephrotoxicity ; ototoxicity 
muscular 
Vancomyein intra 50-100 6 Local thrombophlebitis ; 
venous skin rash 
Kanamvein intra 10-50 6-12 Rare ototoxicity; 
muscular nephrotoxicity (? 
*Side effects as reported in literature 
500 u. per milliliter and that of kan- was practieal. Loeal antibiotie admin- 
amyein was 2.5 mg. per milliliter. In istration was used in certain types of 


localized infeetions, i.e., 


empyema, 
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purulent pericarditis, meningitis, and 
septie arthritis. 

Results—tThe 
have 
tity. 
with conjunctivitis and impetigo alone 
103 the 


patients recovered, 2 were 


results of treatment 


been discussed under each en- 


In summary, all of the patients 
recovered, of 138 more seri- 
ill 
left with residual involvement, and 33 
died (Table | T! 
of deaths in 
(Fig. 9 


the diagnosis of 


ously 


1e greatest number 


was the newborn 


age 


group and in patients with 


septicemia (Table 1). 


PERCENTAGE MORTALITY 
50r 


IN 
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bacteriostatic 
drug was 13 per cent. This difference 


is even more striking when it is econ- 


in combination with a 


sidered that in many eases kanamvyein 
and bacitracin were not used until the 
pathologie process had progressed dur- 
ing other treatment and the patient 
ly ill. 


Untoward side effeets were remark- 


had become eritie: 


ably infrequent. The usual side effect 


of gastrointestinal irritation observed 


in the use of erythromycin, chloram- 


phenicol, and the tetraevelines was 


RELATIONSHIP TO AGE 


- 30F 
z 
ws 
s) 
a 20F 
WwW 
a 

10+ 

ie) 

NEWBORN 2 MOS OLDER 
Premature Full Term 2 YRS CHILDREN 
Fig. 9. Analysis of 138 patients with serious staphylococcal disease 


Age distribution, surgical drainage, 
supportive therapy, and other factors 
influencing recovery have been dis- 
of 
seemed to be no marked difference in 
the 
among the patients who received bac- 


teriostatie 


cussed by site infection. There 


distribution of these variables 


who 
Re- 


sults, however, were significantly dif- 


agents and_ those 


received kanamvyein or bacitracin. 


ferent in these two groups. The mor- 
tality rate in all types of .seriously 
ill patients treated with bacteriostatic 
drugs or bacteriostatie drugs in eom- 
bination with penicillin or streptomy- 
cin 


was 22 per cent. The mortality 


rate in the patients treated with kan- 
amyein or bacitracin either alone or 





difficult to evaluate in patients having 
diarrhea and vomiting as part of the 
disease In patients with no 
difficulty, 
not 


process. 
gastrointestinal 
irritation 


antecedent 
gastrointestinal was 
marked. 

Novobiocin was administered to 20 
patients with one toxie reaction. The 
reaction, urticaria and a diffuse morbil- 
liform rash, promptly subsided when 
the drug There 
were no penicillin or known streptomy- 


was diseontinued. 


cin reactions in this group of patients. 
Bacitracin was used very cautiously, 
although nephrotoxicity is reported to 


be less in ehildren than in adults." 


Blood urea nitrogen values were ob- 
tained prior and weekly 


to, twice 
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during, the course of treatment. Uri- 
nalyses were performed prior to treat- 
ment, on alternate days during 
bacitracin therapy, and several days 
post-therapy. In only one of 27 patients 
treated with bacitracin was the blood 
urea nitrogen significantly elevated. 
In this patient it returned to nor- 
mal after discontinuation of the drug. 
A second course of bacitracin was sub- 
sequently given to the same individual 
with no ill effects. Microscopie exam- 
ination of the urine revealed cylin- 
druria rather consistently on the sixth 
to ninth days of bacitracin administra- 
tion. This was a transient phenom- 
enon, and easts disappeared from the 
urine without reduction of the drug 
dosage. Proteinuria was present in 
many of the seriously ill patients but 
was not sufficiently inereased by ad- 
ministration of bacitracin to warrant 
discontinuation of the drug. None of 
the patients treated with bacitracin 
had any clinically obvious residual 
renal damage. Renal function tests 
were not performed. Three patients 
receiving bacitracin had marked eosin- 
ophilia ranging from 21 to 45 per 
eent. This, too, was reversible when 
the drug was discontinued. 

Thirty-six kanamyein-treated pa- 
tients were subjected to a similar ob- 
servation of renal status. Blood urea 
nitrogen determinations were _ per- 
formed prior to, and twice weekly 
during, therapy and for several weeks 
after therapy. Daily microscopic ex- 
aminations of the urine were per- 
formed. In no instanee was the blood 
urea nitrogen elevated above the level 
associated with the original disease. 
Coarse granular easts were observed 
in most patients receiving as much as 


50 mg. per kilogram per day of kan- 


amycin. Casts disappeared promptly 


when the dosage was lowered or the 
drug discontinued. Reports of eighth 
cranial nerve toxicity following kan- 
amycin administration prompted ap- 
praisals of hearing acuity in older in- 
fants and children. No deficit was 
noted on physical examination. A 12- 
year-old boy who had received 35 to 50 
mg. per kilogram per day for 95 days 
had no gross hearing loss. A 6-year- 
old girl who received 15 to 50 mg. per 
kilogram per day had normal hearing 
on audiometric testing. In the new- 
born infants assessment of hearing 
was not possible. 

Failure of therapy was considered 
to be due to late institution of therapy, 
poor host response, improper selection 
of antimicrobial agent, localization of 
infection in a site inaccessible to ade- 
quate drainage, and irreversible tissue 
damage. The two latter causes of fail- 
ure may represent results of institu- 
tion of therapy after the disease had 
become advanced. 


DISCUSSION 


The importance of two factors, the 
source of the infeetion and the type 
of host, in the evaluation of any 
therapeutie program for staphylococ- 
‘al disease has already been men- 
tioned. In general it was felt that in- 
feetions acquired outside of the hos- 
pital were, as a group, less difficult 
to treat than the nosocomial ones. 
The factor of environment in which 
the infection was acquired cannot be 
considered alone, however, sinee the 
extrahospital infections tended to oe- 
eur in older children and hospital-ae- 
quired infections were most common in 
the most vulnerable subjeet, the new- 
born infant. Hospital-acquired disease 
was usually severe and difficult to 
manage. The severe nature of the 
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pathologie processes encountered posed 
the question of whether the use of 
large amounts of antibioties at Jeffer 
son Davis Hospital had permitted the 
emergence of highly resistant strains 
Not only had anti- 
bioties been used extensively in this 
general hospital for the treatment of 
but 
large amounts of antibiotics had been 


of staphylococci. 


patients of all ages, unusually 
used in the pediatric age group be- 
cause of recurrent staphylococcal out- 
breaks in the newborn infants’ nurser- 
ies. As has been stated, the majority 


of strains infecting newborn infants 


were epidemie type 81 and were re- 


sistant to penicillin, tetracyeline, 
streptomycin, and erythromycin. These 
strains were similar to those found by 
Blair and Carr’* to be predominant 
1954 to 
survey of organisms in hospitals in the 
United States. these 
authors, the staphylococcus of phage 


from 1957 in a eross-section 


According to 


type 80/81 appears to be possessed of 
more than ordinary virulence and is 
both within the 
hospital community and within the in- 
dividual patient. 


easily disseminated 


It now appears that 
in spite of the duration and magnitude 
of the staphylococcal problem at Jeffer- 
son Davis Hospital and the extensive 
use of antibiotic agents, the types of 
encountered 
at this hospital are not unique to its 
antibiotic environment but comparable 
to those seen in similar institutions at 
the present time. 

The influence of the condition of 
the host (age and degree of maturity) 
upon the course of staphylococeal dis- 
ease is clearly evident from the data 
presented here (Figs. 2 and 9). Mor- 
bidity, mortality, and relapse rate 
were all higher in the newborn age 
group than in older infants and chil- 


staphylococeal infection 
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dren. The mortality rate in premature 
infants was significantly higher than 
in the full-term newborn infants or in 
older children (Fig. 9). The inability 
of the newborn child to localize staphy- 
loecoeeal infection is shown by the per- 
centage of newborn babies with dis- 
seminated disease as compared to the 
pereentage of older infants and chil- 
dren with multiple sites of involve- 
(Fig. 2). 


atypical response of the young infant 


ment The reasons for this 
are not well understood. Rammelkamp 
and Lebovitz'® in studying the role of 
coagulase in staphylococeal disease ob- 
served a difference in the coneentra- 
tion of reacting factor in the sera of 
adults, older children, and infants. In 
the 


and these amounts were shown to in- 


infants small amounts were rule 


crease with age. This poses an inter- 


esting and not entirely academic 
question as to whether this may be one 
of the factors in the newborn infant’s 
inability to localize infection. 

The initial site of infection and dur- 
ation of infection prior to treatment 
had a direct relationship to outeome. 
The mortality rate was seen to be high- 
est in patients with septicemia, re- 
gardless of the the patients 
(Table I). The duration of infection 
before institution of therapy, of course, 
Ef- 


fective levels of antibiotie substances 


age of 


influenced response to treatment. 


are much more easily obtained in the 
stage of cellulitis than later when the 
pathologic process has progressed to 
abscess formation. Also, if the process 
is allowed to progress, the necrotizing 
nature of the organism may cause tis- 
sue damage to vital structures. In sev- 
eral instances where treatment was be- 
gun late in the course of the disease, 
the infection was brought under con- 
trol but tissue damage was irreversible. 
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In a reeent diseussion of staphylo- 
coceal infeetions in children, Koch and 
Donnell?’ reported a high degree of 
correlation between clinieal response 
and antibiotie therapy selected on the 
basis of in vitro testing of the etiologic 
agent. Correlation was less evident in 
our series. The in vivo response was 
relatively predictable in older infants 
and children, but there was less cor 
relation between the in vitro antibiotic 
sensitivity pattern and _ patient re- 
sponse in the newborn infant age 
group. In many instances the patho- 
logical process continued to progress 
in newborn babies receiving bacterio- 
statie drugs which by laboratory 
guides should have been effective. 
Others showed an initial response but 
later had a recurrence of the infection. 
The lack of correlation in the very 
voung may represent the lack of host- 
immune response. In addition to the 
in vitro sensitivity of the infeeting 
strain, the age and condition of the 
host must always guide one’s selection 
of therapy 

In spite of this incomplete correla- 
tion, it is essential that in vitro test- 
ing be carried out in all eases of seri 
ous staphvlococeal infeetions. It is of 
aid not only in planning a therapeutic 
program for the individual patient 
but it is important in following trends 
in the emergence of resistant strains 
in the hospital and community. 
Knowledge of the antibiotie sensitivity 
patterns and phage types of predom- 
inant strains during outbreaks at Jef- 
ferson Davis Hospital was a factor in 
the reduction of morbidity and mor- 
tality 

In the description of the treatment 
of the 204 ehildren in this study, 
erythromycin, chloramphenicol, novo- 


biocin, and the tetraeyelines have been 
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referred to as ‘‘bacteriostatic’’ and 
penicillin, streptomycin, Kanamyein, 
and bacitracin as ‘‘baeteriecidal.”’ 
They are classified under these two 
modes of action upon staphylocoeei in 
accordance with the data of Wise’ 
and Yow and Monzon.*? Wise states 
that the importance of the bactericidal 
activity of an antibiotic in therapy is 
not well understood since these effeets 
are not commonly determined and, 
therefore, correlations are unknown. 
The results of the therapy of the 138 
children with serious staphylococeal 
disease in this study seem to indicate 
a definite relationship between bacteri- 
cidal activity and efficacy of therapy, 
particularly in patients with poor de- 
fense mechanisms and in patients with 
large numbers of infecting organisms. 
Analysis of results of treatment in our 
series shows kanamyein and bacitracin 
to be highly effective against the 
staphylococcus both in vitro and in 
vivo. As in the use of any drug, the 
danger of the potential toxicity of 
these agents must be weighed against 
the seriousness of the patient's illness. 
Vaneomyein is bactericidal for the 
staphyloeoeeus in vitro, and good re- 
suits have been reported following its 
use.** Tlowever, vancomycin was used 
infrequently in this series of patients 
heeause of the difficulties involved in 
long-term administration of the drug 
intravenously in the pediatric age 
group. The same problem limited the 
use of ristocetin. Neomyein is a pow- 
erful antistaphylococeal drug but was 
not used beeause of its marked toxicity. 

Emergence of strains of staphylo- 
coeci resistant to kanamyein and baci- 
tracin was not a problem in the in- 
dividual patient while under treat- 
ment. Strains of staphylocoeci isolat- 
ed from the hospital community also 
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remained sensitive to these two anti- 
hioties during the period of this study. 
Conceivably, the predominant strains 
in hospitals using these antimicrobial 
agents may eventually prove to be re- 
sistant to kanamyein and bacitracin. 
However, since these antibiotics are 
potentially toxie and must be admin- 
istered by the parenteral route, it is 
unlikely that they will be used indis- 
eriminately. If emergence of resist- 
ant strains oceurs, it will probably be 
at a mueh slower rate than has been 
experienced in the use of the more 
widely administered antibioties. 


SUMMARY AND CONCLUSIONS 


1. Analysis of the management of 
204 eases of staphylococeal disease in 
infants and children is_ presented. 
Sixty-six of these patients had mild 
disease and 138 had _ moderately 
severe or severe involvement. Eighty 
per cent of the infections were hos- 
pital aequired and 20 per cent were 
nonhospital aequired. 

2. Age of the patient influenced 
morbidity and mortality. In the 138 
patients with serious staphyvlococeal 
disease, the mortality rate was 43 per 
cent in the premature infants, 26 per 
cent in the full-term newborn infants, 
21 per cent in children from 2 months 
to 2 years of age, and 11.7 per cent im 
older children. The degree of dissem- 
ination was related to the age of the 
patient, demonstrating inadequacy of 
host defenses in the young infant. 

3. The management of staphylococ- 
eal disease in the young infant differs 
from that in the older child. All 
staphylococeal infections must be con- 
sidered potentially serious in the 
young infant because of the atypical 
manifestations and unpredictability of 
the course of staphylococcal disease in 
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this age group. In the older child 
superficial infeetions may be safely 
treated with local therapy. However, 
controlled studies are needed to estab- 
lish the best method of management of 
infants with superficial infections, 
such as impetigo neonatorum and con- 
junctivitis, now that the majority of 
these infections are due to the highly 
invasive strain 81. Regardless of the 
choice of antimicrobial agent and its 
route of administration, close surveil- 
lance of these patients is necessary. 
Moderately severe infections, such as 
deep subeutaneous abscesses, occurring 
in the older child can be expected to 
respond to bacteriostatic antistaphy- 
locoeeal drugs and local eare. Subeu- 
taneous abscesses and breast abscesses 
occurring in the young _ infant 
should be treated with a bactericidal 
antistaphylococeal drug and local eare. 
The prognosis of severe staphylococeal 
disease in all age groups is so grave 
that intensive treatment with a_bae- 
tericidal antibiotic or a combination 
of a bactericidal drug and a bacterio- 
static drug is indicated. 

4. Adequate incision and drainage 
are essential because of the ability of 
the staphylococcus to remain viable 
within abscesses. In instances where 
it is difficult to insure adequate 
drainage, it may be advisable to instill 
a bactericidal antibiotic directly into 
the infected cavity. In infants, in 
other individuals who handle infection 
poorly, and in patients with undrained 
localized infections, it is necessary to 
continue therapy for a _ prolonged 
period in order to prevent relapses of 
infection. 


Disk and tube dilution tests for anti- 
biotic susceptibility of the strains of staphy- 
lococei were performed by the Jefferson 
Davis Hospital Laboratory, The Ben Taub 
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Infectious Disease Laboratory, and the Hous 
Health 
Texas, 
De. J. V. 


State 


ton City Department Laboratory, 


Houston, Phage typing studies were 
Bureau of 


of 


conducted by lrons, 


Laboratories, Texas toard Health, 


Austin, Texas. 

Kanamyein was provided by the Bristol 
Laboratories, Syracuse, N, Y. and Multi 
disks were supplied by Consolidated Labora 
tories, Ine., Chicago Heights, Ill. 
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CYSTIC LESIONS OF THE KIDNEY IN INFANTS AND CHILDREN 


AREY, M.D. 
PHILADELPHIA, Pa. 


JAMES B. 


LTHOUGH renal eysts of various 

types are relatively infrequent in 
early life, their proper identification is 
important both prognostically and 
therapeutically. Unfortunately, anal- 
ogous terms have been applied to quite 
dissimilar cystic lesions of the kidney, 
and in many instanees the term poly- 
cystic disease has been employed to 
refer to any kidney containing multi- 
ple eysts. As a result, attempts to de- 
termine such features as the incidence, 
familial nature, clinical manifesta- 
tions, and even the histologie pattern 
of a specifie type of renal eystie lesion 
are rendered extremely diffieult. The 
present paper is offered in an attempt 
to delineate the various cystic lesions 
of the kidney encountered in infants 
and children and to elarify the elini- 
eal, roentgenographic, and pathologie 
manifestations associated with specific 
types of lesions. 

One or more small cortical eysts are 
commonly demonstrable histologically 
in the kidneys of newborn infants. 
There is no significant increase of con- 
nective tissue about the periphery of 
these cysts, which may result from 
slight dilatation of either tubules or 
glomerular spaces. They are of no 
clinical significance. 


RENAL CYSTS WITH TUBEROUS’ SCLEROSIS 


Renal lesions of various types are 
commonly present in patients with 
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tuberous sclerosis. Multiple hamar- 
tomatous nodules varying from micro- 
seopie size to large bulky growths may 
be present in both kidneys. In addi- 
tion small cysts up to a few millimeters 
in diameter may be seattered through 
the renal cortex. These are lined by 
low dark-staining cuboidal epithelial 
cells or by larger cells with abundant 
eytoplasm. Slight papillary prolifera- 
tion of the epithelial elements within 
these cysts may be noted, and they 
may or may not be surrounded by a 
distinct stroma of connective tissue. 
Defectively developed glomeruli, ‘‘in- 
clusions’’ of fat or of large pale epi- 
thelial cells within the glomeruli, and 
mesenchymal hamartomas with various 
patterns may also be encountered.’ 
Although clinical evidence of renal 
disease in patients with tuberous 
sclerosis is usually absent, rarely the 
involvement may be so extensive as to 
lead to uremia. A tumor which was re- 
ported to be a hypernephroma has been 
described in a 10-year-old boy with 
tuberous sclerosis.2, Renal tumors as- 
sociated with tuberous sclerosis usually 
behave in a benign manner, and this 
patient was well 314 years later. 


SIMPLE CYSTS 

Simple eysts of large size are pre- 
dominantly lesions of adult life but 
have been observed in infants and 
children.** Although clinically they 
are usually solitary and unilateral and 
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thus have been referred to as solitary 
cysts, they may be bilateral’ or more 
than one cyst may be present in one 
kidney.** The presenting complaint 
is usually that of an abdominal mass 
unassociated with abnormal findings in 
Characteristically the cysts 
with the renal 

with contrast 


the urine. 
communicate 

pelvis and do not fill 
medium during intravenous 
Pyelograms may be normal or 


do not 


pyelog- 
raphy. 
may reveal a filling defect in the renal 
pelvis; a erescent-like deformity of the 


border of the calyx adjoining the evst 
the 


is probably most characteristic 








Fig. 1 Pyelogenic cyst in the kidney of a 
full-term stillborn fetus. Note the narrow 
isthmus connecting the cyst with the renal 


ye Ivis. 


roentgenographie finding but a variety 
of patterns may be observed, depend- 
ing upon the size and loeation of the 
eyst. 

Simple eysts are uniloeular and their 
walls are composed of fibrous tissue 
which may be lined by low cuboidal 
or flattened epithelium. In some in- 
stances, however, no epithelial lining 
is demonstrable. Since they are 
sharply demareated from the adjoin- 
ing renal parenchyma, they can usu- 
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ally be resected and do not necessitate 
removal of the affected kidney. 


PYELOGENIC CYSTS 
Pyelogenie cysts or ealyceal diver- 
ticula are cystic cavities lined by 
transitional epithelium continuous 
with that of a renal calyx. They are 
usually small and communicate with 
the ealyx through a narrow isthmus. 
Although some ecalyeeal eysts are un- 
doubtedly congenital in origin (Fig. 
1), others probably oceur secondary 
to some other renal lesion, e.g., eal- 
eulus or chronie pyelonephritis.’ Dif- 
ferentiation of congenital and acquired 
pyelogenie cysts may be impossible. 
Although frequently asymptomatie, 
pyelogenic cysts may harbor infection 
and favor the ealeuli, 
with resulting renal colic and hema- 
They may be outlined by ex- 
pyelography, 


formation of 


turia.'° 
cretory or retrograde 
and in the absence of secondary in- 
fection the contrast medium is usually 
rapidly emptied from their lumen. 
Pyelogenie eysts do not require surgi- 
cal extirpation unless they are re- 
sponsible for clinical manifestations or 
for persistent or intermittent pyuria."' 


PERINEPHRIC CYSTS 
Eneysted collections of fluid which 
more or less surround the kidney have 
been referred to by a variety of terms, 
ineluding perirenal hydronephrosis, 
hygroma perirenalis, pararenal pseudo- 
hydronephrosis, and perinephrie eysts. 
They are very rare lesions and have 
been observed less frequently in in- 
fants and children than in adults. 
Certain of these cysts result from peri- 
nephrie extravasations of urine, the 
fluid accumulating either beneath the 
renal eapsule or in the surrounding 
adipose tissue. Urinary obstruction is 
an important predisposing factor in the 
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development of these lesions. In other 
instances perinephric hematomas, 
either traumatic or spontaneous in 
origin, may become encapsulated and 
their contents replaced by clear fluid. 
The origin of still other perinephrie 
eysts is obscure’; many of these are 
associated with hydronephrosis secon- 
dary to obstruction. Rare 
perinephrie cysts are lined by epi- 
thelium and may communieate with 
the renal pelvis; these have been at- 
tributed to remnants of the wolffian 


ureteral 


duct. 

Perinephrie manifest them- 
selves by the presence of a palpable 
abdominal mass associated with ab- 
dominal pain. The clinical manifesta- 
tions may suggest a Wilms’s tumor; 


eysts 


there may be an associated hyperten- 
sion.** The results of urographie 
studies vary, depending upon the size 
and location of the evst and the pres- 
ence or absence of hydronephrosis. 
The renal parenchyma, which is inter- 
posed between the eyst and the hydro- 
nephrotic renal pelvis, may be so 
atrophic as to fail to exerete the con- 
trast medium. The pyelographie find- 
ings are usually interpreted as being 
compatible with complete obstruction 
at the ureteropelvie junction. Treat- 
ment consists of excision of the cyst 
and if neeessary of the damaged kid- 
ney. Drainage of the eyst prior to 
its removal is advoeated by some. 


PARAPELVIC CYSTS 
Parapelvie cysts are rare lesions lo- 
eated adjacent to the renal pelvis with 
which they do not direetly communi- 
eate. They are usually small and may 
be multiple and bilateral; rarely they 
may be large enough to produce a 
pelvis and 


deformity of the renal 


Parapelvie cysts have been 


calvees."* 
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attributed to lymphatie ectasia’® and 
are usually incidental findings at au- 
topsy. They appear to be lesions of 
adult life. 
MULTILOCULAR CYSTS 

Multilocular cysts are rare unilateral 
lesions which should be differentiated 
from simple eysts, from the multieystie 
kidney, and from polyeystie disease of 
the kidney. The presenting complaint 
is that of an abdominal mass" which 
may be interpreted as a Wilms’s tu- 
mor.'* Characteristically the mass 
does not communicate with the renal 
pelvis.'** Pyelography reveals distor- 
tion of the renal pelvis which may be 
indistinguishable from that produced 
by a Wilms’s tumor. 

These loealized 
eystie struetures, the cavities of which 


are multilocular 
are separated from each other by sep- 
tums composed of compact fibrous tis- 
sue which may contain remnants of 
renal tubules and glomeruli’® as well 
as bundles of musele. The 
cysts are usually lined by columnar, 
cuboidal, or flattened epithelium. The 
cystic mass may be completely en- 
closed within compressed renal paren- 
chyma or it may extend into the sub- 
capsular zone of the affected kidney 
(Fig. 2). 

The multilocular nature of the 
cystic mass, the frequent presence of 
prominent epithelial cells lining the 
cysts, and in some instances the oc- 
eurrence of bundles of smooth muscle 


smooth 


in the septums between the eysts tend 


to differentiate these lesions from 


simple eysts of the kidney. In 
to the multieystie kidney the 


con- 
trast 
renal parenchyma adjoining a multi- 
locular eyst is normal except for evi- 
denee of atrophy secondary to com- 


pression by the mass. In contrast to 
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polyeystic disease of the kidneys the 


loealized rather 


multilocular 
than diffuse and is not bilateral. 

The nature of multilocular eysts of 
the kidney is not entirely clear, and 
differentiate be- 


evst Is 


some authors do not 
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tions are usually absent when only one 
kidney is hypoplastic, but infrequently 
there is an associated hypertension. 
The ureter on the affected side usually 
empties normally at the trigone, so that 
the diagnosis cannot be established by 





Fig. 2 Multilocular cyst of the kidney. The renal parenchyma has been sectioned, ex- 
posing the renal pelvis and the multilocular cyst. Note the intact renal parenchyma at the 
upper and lower poles of the kidney The cyst does not communicate with the renal pelvis. 


tween these and simple eysts of the 
kidney. They are benign lesions which 
are probably best interpreted as cystic 
hamartomas, although some have eon- 
them as actual benign neo- 
Since they are sharply de- 
lineated from the renal 


parenchyma, they might be surgically 


sidered 
plasms."* 
adjoining 


resected were the diagnosis to be estab- 
lished prior to nephrectomy. Usually, 
however, a nephrectomy is performed 
since the thought to 


Wilms’s tumor. 


lesion is be a 


RENAL HYPOPLASIA 


Hypoplastic kidneys may be uni- 
bilateral. They vary con- 


their 


lateral or 


siderably in macroscopic and 


histologic appearanee and eysts need 


not be present. Clinical manifesta- 


cystoscopy alone. In those instances in 
which there is simply a quantitative 
diminution of renal parenchyma, urine 
of apparently normal quality may be 
passed from the ureter on the affected 
side, but death from uremia may ensue 
following removal of the opposite kid- 
ney... The pyelographie changes 
associated with renal hypoplasia vary 
different instances. 
These include complete abseence of 
opacifieation of the pelvis and eal- 
(as in the usual unilateral 
multieystie kidney), a rudimentary 
pelvis with small ealyees, or a rela- 


considerably in 


yees 


tively large pelvis as compared with 
the renal mass. The roentgenographie 
appearance may simulate that eneoun- 
tered when only the upper pelvis is 
filled in a kidney with a double pelvis. 
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Bilateral renal hypoplasia of an ex- 
treme degree results in death shortly 
after birth. In some instances the 
facies of these infants may suggest 
that described in infants with bilateral 


renal agenesis.*! Less severe forms of 





gravity, hyperphosphatemia, rachitie- 
like changes in the bones, and azote- 
mia. 

Urethral obstruction occurring dur- 
ing intrauterine life is commonly as- 
sociated with the presence of multiple 


Fig. 3.—Multiple renal cysts associated with bilateral hydronephrosis and hydroureters 
in a male infant 28 days of age. The histologic appearance of these kidneys is that of 


renal hypoplasia. 


bilateral renal hypoplasia may be com- 
patible with life for months or even 
years. The manifestations are those of 
chronic renal insufficiency, i.e., stunt- 
ing of growth, difficulty in feeding, 
anemia, polyuria with a low specific 


renal cysts® (Fig. 3). Whether or 
not these are associated with an actual 
impairment of renal development, i.e., 
renal hypoplasia, is not entirely clear 
but their histologic appearance sug- 
gests such an association (Fig. 4). 
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The hypoplastie kidney may differ 
from normal only quantitatively and 
may reveal no abnormalities histologi- 
cally. In such instances the diagnosis 
is dependent upon the demonstration 
of decreased numbers of reniculi, only 
1 to 5 pyramids being present instead 


of the normal 12 to 14. In infants 
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islands of normal or hypertrophic 
renal parenchyma alternating with 
areas of fibrous tissue containing small 


Islands of 
hyaline cartilage are commonly pres- 


cysts and a few glomeruli. 


ent,?> and the smaller cysts are fre- 
quently surounded by concentric rings 


of primitive connective tissue or 





Fig. 4 
tubular 
tissue ( 3) 


the 
and 


Photomicrograph of one of 
lined by epithelium 


spaces 


with bilateral renal hypoplasia of this 
type who survive for some time, the 
renal tubules may be dilated to eyst- 
like proportions, apparently as a re- 
sult of functional hypertrophy.** *4 

In other instances the hypoplastic 
kidney is decreased in size (Fig. 5) 
and its histologie appearance is greatly 
altered from normal. The renal pelvis 
may be relatively large as compared 
with the amount of renal parenchyma. 
Seattered small cysts are present, and 
histologically the kidney consists of 


kidneys 
surrounded by 


the multiple 
mesenchymal 


Fig. 3. Note 
rings of 


depicted in 
concentric 


Advanced 
degrees of the latter type of renal 


smooth muscle (Fig. 6). 


hypoplasia merge imperceptibly with 
the multicystie kidneys to be deseribed. 
Bilateral hypoplastic kidneys contain- 
ing multiple cysts of varying size have 
multi- 
Moreover, a large 


referred to as _ bilateral 
cystic kidneys.** 


‘*multieystic’’ kidney on one side is 


been 


associated with a 
small hypoplastic kidney on the op- 


in some instances 


posite side (Fig. 7). Thus, although 


there appears to be some justification 
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Fig. 5.—Hypoplasia of the right kidney in an infant 22 months of age. 





Fig. 6.—Renal hypoplasia. Note the abundant connective tissue containing scattered 
tubules and at least one glomerulus. Concentric rings of mesenchymal tissue are present 
about the tubule in the lower part of the photomicrograph (x142) 
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for retaining the term unilateral multi- 
cystic kidney as a descriptive one, it 


should be reeognized as a form of renal 


hypoplasia. 
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mass in an otherwise healthy infant. 
The mass is large, lobulated, nontender, 
Rarely vomiting and 


and movable. 


abdominal distention or pain in the 





Fig. Bilateral renal hypoplasia in an infant 13 hours of age. The left kidney is 
small, whereas the right is large and is replaced by multiple cysts Compare the right 
kidney with the unilateral multicystic kidney shown in Fig. 8 

Unilateral Multicystic Kidney- renal area have been observed.*° 


of 


and is the lesion which has most 


This is a renal hypoplasia 


fre- 


type 


quently been interpreted as unilateral 
polveystie disease of the kidney.**-** 


It 


festations 


is not familial. The elinieal mani- 


are those of an abdominal 





Urinalyses are normal, although in one 
rather atypical instanee, in which a 
not palpable, 

noted.” 
pyelography characteristically reveals 


transient 
Intravenous 


mass Was 


pyuria was 


complete absence of contrast medium 
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on the affected side with a normal- 
appearing collecting system on the 
opposite side. Rarely a displaced re- 
nal pelvis may be visualized on the af- 
fected side,?® *? and ringlike shadows 
of ealcifie density have been observed 
in a few adults.°° The ureteral orifice 
on the affected side may be absent, or 
attempted retrograde pyelographic 
studies may demonstrate a small but 
patent distal ureter which terminates 
blindly below the ureteropelvic june- 
tion. Since the pre- 
dominantly in infants, the preopera- 
tive usually that of 
Wilms’s tumor or hydronephrosis. 


lesion oecurs 


diagnosis is 


Maecroseopically the kidney is re- 
placed by a large mass no longer re- 
sembling a kidney, composed of multi- 
ple eysts of varying size united to each 
other by loose connective tissue (Fig. 
8). As a rule, no renal pelvis can be 
recognized, and the proximal ureter is 
usually imperforate. Rarely, however, 
a hydronephrotie pelvis is present.** ** 
The eysts are lined by euboidal or flat- 
tened epithelium surrounded by con- 
nective tissue or smooth muscle (Fig. 
9). Islands of immature renal tissue 
with a few glomeruli®™ as well as 
islands of eartilage may be present. 
The opposite kidney is normal or may 
reveal evidence of compensatory 
hypertrophy. 

The multieystie kidney should be 
differentiated from true polyeystie dis- 
ease of the kidney in infants. In the 
latter, which is almost always bilateral, 
the reniform shape of the kidneys is 
retained, the renal pelves are present 
although they may be distorted, and 
myriads of eysts of relatively uniform 
size are separated from each other by 
more or less intact renal parenchyma. 
The multicystic kidney, on the con- 
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trary, is characteristically unilateral. 
The affected kidney lacks any resem- 
blanee to a normal kidney. The renal 
pelvis is absent, and the kidney is 
replaced by a lobulated mass composed 
of relatively small numbers of eysts of 
varying size separated from each other 
by loose connective tissue.** 





removed 


—Unilateral multicystic kidney 
from an infant 8 days of age. 


Fig. 8. 


The prognosis would appear to be 
excellent in unilateral multieystie kid- 
ney,** both for the patient and for 
subsequent siblings, in contrast to true 
polyeystie disease of the kidney which 
is a genetically determined defect. 

POLYCYSTIC DISEASE 

The term polyeystie disease of the 
kidney is often applied to any kidney 
containing multiple cysts. However, 
as noted above, cysts may occur in one 
or both kidneys in a variety of condi- 
tions. Although deseriptively the term 
polyeystic disease is quite applicable 
to any kidney containing multiple 
eysts, little would appear to be gained 
by ineluding all such kidneys in this 
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the term 


polveystie disease of the kidney might 


single category. Instead, 
better be limited to the genetically 


determined, familial form of disease, 
to which the remaining diseussion will 


be limited. 
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faces are relatively smooth with nor- 
In 


many instances the myriads of minute 
ap- 


mal appearing fetal lobulations. 


evsts which are present do not 


preciably alter the external surface of 
the kidneys and may be overlooked on 





unilateral 
of other 


9 Photomicrograph of the 
with the photomicrographs 


Polyeystie kidneys are almost always 


bilateral. Whether a unilateral form 
of true polyeystie disease of the kid- 
neys oceurs is impossible to state, since 
it is often impossible to determine the 
exact of the lesions deseribed 
the The 


unilateral ‘* polyeystie’’ kidneys which 


nature 


in literature. majority of 


are reported probably represent  in- 


stanees of unilateral multievstie kid- 


nev. Polveystie kidneys in infants 
are uniformly enlarged, at times to 
such an extent as to interfere with 
delivery. The kidneys retain their 


usual reniform shape and their sur- 


multicystic 


kidney Compare 


kidneys, 


depicted in Fig. 8 


hypoplastic i.e., Figs. 4 and 6. 


superficial examination (Fig. 10). On 
section, the cortex and medulla are 
not clearly demareated from each 


other, and both are honeyeombed by 
innumerable small eysts with a result- 
appearance of the renal 

The renal pelvis and 


ant spongy 
parenchyma. 
ealvees are distorted, not by isolated 
cysts, but by the inereased bulk of the 
surrounding tissue (Fig. 11). 
Histologically there is usually some 
increase of connective tissue, especially 
in the medulla**; the cortical evsts, on 
the contrary, are closely approximated 
or are separated by only small amounts 
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12). The 


fibrous 


of eonnective tissue (Fig. 
presenee of large amounts of 
tissue in the cortex tends to militate 
against a diagnosis of true polyeystic 
disease and favors a diagnosis of renal 
hypoplasia. Potter** poly- 
cystic kidneys into two major groups, 
the of renal 


connective tissue is normal and those 


divides 


those in which amount 
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cuboidal epithelium, may be glomeru- 
lar or tubular in origin and many ap- 
pear represent simple elongation 
and dilatation of tubules. With few 
exceptions, the eysts do not communi- 


to 


eate with the renal pelvis. 

Other anomalies are frequently pres- 
ent in association with polyeystie dis- 
ease of the kidneys in infants*’; these 





Fig. 12.—Photomicrograph of the polycystic kidneys shown in Figs. 10 and 11. Note the 
ibsence of any significant increase of connective tissue in the cortex in contrast with the 
appearance of hypoplastic kidneys. 


in which it is inereased. According to 


the present classification, only the 
former would be considered as poly- 
eystic kidneys; those with large 


amounts of connective tissue, especially 
in the cortex, would be considered as 
hypoplastic and not as true polyeystie 
kidneys. Islands of hyaline cartilage 
may be observed in true polyeystie 
kidneys*’ but are far more frequent 
hypoplastic kidneys. The cysts, 
which for the most part are lined by 


in 


inelude polydaectylism, hydrocephalus, 
and clubfeet. Genitourinary anomalies 
may but certain in- 
stances in which these have been de- 
scribed the kidneys would not be in- 
cluded in the present category of true 
Polyeystie dis- 


be present, in 


polyeystic disease.**-*" 
ease of the liver is probably consider- 
ably more frequent in infants with 
true polyeystic kidneys than would be 
indieated by figures based primarily 
in adults. Rall and 


on the disease 
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Odel** found that 15 of 46 patients 
(33 per cent) with polyeystie disease 
of the kidneys also had polycystic 
livers, but their patients were prin- 
cipally adults. Cysts in other viscera, 
e.g., the panereas or even the lungs, 
are less frequently observed. 
Admittedly, certain features suggest 
that such a differentiation of hypo- 
plastic kidneys from true polycystic 
disease of the kidneys is not a valid 
one. For example, polycystic disease 
of the liver may be associated with 
hypoplastic kidneys containing cysts; 
although such an association is less 
frequent than in true polyeystie dis- 
ease of the kidneys, it certainly sug- 
gests that polycystic and hypoplastic 
kidneys are not sharply separable. 
Nevertheless, clinical, pathologic, and 
hereditary features of the two diseases 
appear to be sufficiently distinctive to 
justify their differentiation. Only by 
adhering to rigid diagnostie criteria 
“an more information concerning the 
exact nature of each of them be gained. 
The clinieal manifestations of poly- 
eystie disease of the kidneys in infants 
vary according to the severity of the 
the 
death occurs in utero or very shortly 


proeess. In most severe types 


after delivery. Massive abdominal en- 
largement results from the bulky renal 
masses and may be further enhanced 


by ascites and hepatomegaly. The 


facies may suggest that associated 
with bilateral renal agenesis. In 


infants who survive for longer pe- 
riods of time, the clinical manifesta- 
tions are those of chronic renal insuf- 
ficiency with vomiting, failure to gain 
weight, anemia, acidosis, slight  al- 
buminuria, azotemia, and the presence 
of bilateral palpable abdominal masses. 


Severe hypertension may be present 
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even in the first few months of life, in 
with and 
signs of congestive cardiac failure.* 
In those patients with long standing 
chronic renal insufficiency, dwarfism 
with secondary hyperparathyroidism 
and renal rickets may result.  Al- 
though the classical ‘‘spider’’ pelvis 
with stretching, elongation, and nar- 


association cardiomegaly 


rowing of the pelvis and calyees may 
be observed,*® the 
leecting system may be minimal or ab- 
Persistent nephrograms may be 


distortion of col- 
sent. 
observed in some infants after the in- 
travenous injection of contrast medium 
and, in the absence of evidence of ob- 
struction of the urinary tract, may be 
of diagnostic value. Mottled and 
linear radiolucent defects in the 
nephrographie density are said to be 
pathognomonie of polyveystic disease 
of the kidneys.** 

The pathogenesis of polyeystie dis- 
ase of the kidneys is unknown. The 
neoplastic and inflammatory theories 
of origin are no longer acceptable. 
Cystie dilatation oceurring as a result 
of failure of union of the collecting 
duets with the metanephrie blastema is 
untenable as a theory of origin, since 
the metanephrie blastema not 
differentiate in the absence of contact 
with the ureteral bud or its branches.** 
polyeystie disease the 


does 


Moreover, in 
point of atresia of the nephron usually 
does not correspond to the point of 
junction of the nephron with the col- 
leeting duct. Kampmeier*® * attrib- 
uted the evsts to a persistence of cystie 
nephrons which normally oceur for a 
short time as a degenerative change in 
the 
nephrie derivatives. 


generations of meta- 
Such a 


might explain the occurrence of eysts 


first few 


theory 


in the peripelvie region but hardly ae- 
counts for the widely seattered and 
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An 


overgrowth of tubules, oecurring as a 


more peripherally located cysts. 


hamartomatous malformation or “‘ha- 
martiosis,’’ dependent upon defective 
action of embryonic organizers as a 
result of an inherent abnormality of 
the germ plasm, has been suggested as 
giving origin to both polyeystie kid- 
Although 
proof of this theory is not available, 


neys and polyveystie liver.** 


the histologie appearance of the poly- 
eystie liver in infants is certainly that 
of an bile duets and 


often of connective tissue; this is, how- 


overgrowth of 


ever, not as apparent in polyeystie 


kidneys. Norris and Herman*® at- 
tribute polyeystie kidneys to a defeet 
of the 
itself only after the development of 


the kidnevs during embryonic life has 


germ plasm which manifests 


progressed normally for a considerable 
period of time. Foeal eystie dilata- 
tions of nephrons and of collecting 
duets are followed by isolation, seg 
the development of 
re- 


mentation, and 


multiple eysts. These changes 
semble the degenerative process which 
oceurs normally in the mesonephros 
and in the early generations of the 
metanephros. The eysts are thus at- 
tributed to an extension of this normal 
degenerative process, so as to involve 
not only the first but also later genera- 
tions of metanephrie tubules. 
Although polveystie kidneys have 
heen reported in all age groups, rela- 
tively few deaths from the disease oe- 
between infaney adult life. 
both the and adult 
forms of the disease are believed to be 


is diffieult to 


eur and 


Since infantile 


congenital in origin, if 


explain this gap in the age at onset 


of elinieal manifestations. It may be 
assumed that the infants who die have 
a severe form, whereas patients with 


milder forms survive into adult life, 
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the eysts growing slowly or not at all 
during childhood. Sueh an explana- 
tion, however, is not entirely satisfae- 
tory, and certain authors have sug- 
gested that infantile and adult forms 
of polveystie disease represent two in- 
dependent entities.” 
Thus, reconstructions of 
kidneys have revealed that the tubular 
cysts are usually connected with the 


6, 50, 51 


disease 


polveystic 


exeretory ducts and renal pelvis in 
adults, but not in infants. Glomerular 
cysts, however, do not communicate 
with the remainder of the nephron in 
either infants or adults.** Moreover, 
the eystie nephrons of the adult retain 
a considerable part of their functional 
activity and presumably play a role 
in the formation of urine, whereas this 
is less frequently true of the eystie 
nephrons in infantile polyeystie dis- 
ease.** These observations, although 
admittedly limited in infants, suggest 
that morphologie and resultant fune- 
tional differences exist between the in- 
fantile and adult forms of polyeystie 
disease; these differences would ex- 
plain the early death of infants with 
the disease and the delayed onset of 
adults, in 
whom the eystie nephrons contribute 


clinical manifestations in 
at least in part to the formation of 
urine. 

The hereditary pattern of polyeystie 
disease of the kidneys also suggests a 
the 


forms of the disease. 


infantile and 
The oe- 
infantile 


difference between 
adult 
currence of siblings with 
polyeystie kidneys is well reeognized,™ 
and the oecurrence of adult types of 
polyeystie kidneys in multiple genera- 
tions as well as in siblings has been 
reported in a number of families.** °° 
Hlowever, no definite reports of adults 


with polyevstie disease giving birth to 
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offspring who die as a result of in- 
fantile polycystic kidneys are avail- 
able*” **; such an association might be 
expected if the two types merely repre- 
sented different degrees of severity of 
the same disease process. Instead, the 
genetic pattern in the adult type is 
that of a mendelian dominant, while 
in the infantile form it is more sug- 
gestive of a recessive characteristic. 

It must be admitted, however, that 
objections may be raised to all of the 
which would tend to 
and adult forms of 
polveystic disease as independent dis- 
ease entities. The macroscopic appear- 
ance of the two is often quite different, 
with the eysts being of relatively uni- 
form size in the infant and of ex- 
tremely variable size in the adult. 
This difference, however, might well 
merely reflect differences in the dura- 


considerations 
separate infantile 


tion of the process. Tubular cysts 
in infants in general do not com- 
munieate with the renal pelvis, 


whereas in adults they do, and the 
functional differences be- 
and in 


associated 
tween the 
adults may only reflect different de- 
severity of an_ essentially 
Even the variations 


eysts in infants 
grees of 
similar process. 
in the hereditary pattern of the two 
diseases do not offer irrefutable proof 
of their nature, sinee 
when a hereditary disease oceurs in 


independent 


several forms, that form caused by a 
dominant gene will usually have a later 
age of onset than will the form caused 
by a recessive gene.°° 

The association of 
other congenital the 
infantile than with the adult form of 
polyeystic disease cannot be considered 
as indicative of any fundamental dif- 


ference in the two disease processes. 


more frequent 


anomalies with 


The oecurrence of polyeystie disease 
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in other viscera than the kidneys in 
both infants and in adults with poly- 
cystic kidneys actually suggests an 
identity of the two forms of the dis- 
ease. 

It is apparent, then, that dogmatic 
statements econeerning fundamental 
differences between infantile and adult 
forms of polyeystie disease are not 
warranted at the present time. The 
evidence rather strongly suggests that 
two distinet disease 
proof of this 


they represent 
processes, but 
established only by careful study of 


many more patients, in whom rigid 


ean be 


diagnostie criteria must be maintained. 


Medullary Cysts—Vinally, there re- 
mains a small group of patients in 
whom numerous cysts are found 
which produce a honeycomb-like pat- 
tern in the renal medulla, with few 
or no eysts in the cortex.’ ** The 
manifestations are those of 


anemia 


clinical 
prolonged severe associated 
with azotemia and in some instances 
with hyperphosphatemia, hypoeal- 
cemia, and hypertension. The kidneys 
are small or of normal size and con- 
tain numerous eysts which are pre- 
dominantly medullary in loeation. As 
a rule there is no significant inerease 
of connective tissue about the cysts, 
but varying glomerular 
fibrosis and tubular atrophy may be 
present in the renal cortex. There 
may be associated cysts of the liver 
The majority of the pa- 
The 


not 


degrees of 


or panereas. 
tients have been young adults. 
true nature of these lesions is 
clear, and it is quite possible that they 
should not be classified as examples of 


true polveystie disease. 
SUMMARY 


Simple renal cysts, perinephrie eysts, 
and multilocular eysts of the kidney 
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are rare in infants and children. They 8. Braasch, W. F., and Hendrick, J. A.: 
if waiien a Renal Cysts, Simple and Otherwise, J. 
manifest themselves by the presence of Urol. 51: 1, 1944. 
an abdominal mass whieh may be in- 9. Hepler, A. B.: Solitary Cysts of the 
-_ sn Kidney. A Report of Seven Cases and 
terpreted clinically as a Wilms’s tu- Observations on the Pathogenesis of 
mor. These Cysts, Surg. Gynee. & Obst. 50: ' 


668, 1930. 
Wyrens, R. G.: Calyceal Diverticular 
or Pyelogenie Cysts, J. Urol. 70: 358, 
1953. 
of the kidney appear to be distinet 11. Yow, R. M., and Bunts, R. C.: Calyceal 
from those of renal hypoplasia, and m Divertiontom, J. Urel. 73: my Sees 
. . 12. Spriggs, A. I.: Perinephric Cysts, J. 
every attempt should be made to dif- Urol. 67: 414, 1952. : 
13. Pautler, E. E., Jr., and Garvey, F. K.: 
Z f ; ; Perinephric Cyst. Report of Case Asso- 
eystie kidneys which may be associated ciated With Ureteropelvic Occlusion and 
Congenital Hydronephrosis, J. Urol. 70: 
840, 1953. 

may represent instances of renal hypo- 14. Scholl, A. J.: Peripelvie Lymphatic 
Cysts of the Kidney. Report of Two 
: ; : Cases, J. A. M. A. 136: 4, 1948. 
as true polyeystie disease of the kid- 15. Henthorne, J. C.: Peripelvic Lymphatic 
neys. Similarly, the unilateral multi- Cysts of the Kidney. A Review of the 

. : Literature on Perinephric Cysts, Am. J. 


The clinical, pathologie, and heredi- 10. 


tary features of true polyeystie disease 


ferentiate these two diseases. The 
with intrauterine urethral obstruetion 


plasia and should not be interpreted 





evystiec kidney, which manifests itself Clin. Path. 8: 28, 1938. 

by the presence of an abdominal mass, 16. Edmunds, W.: — Cystic Adenoma of 
Ry 2 . : Kidney. Tr. Path. Soc. London 43: 89, 
is a form of renal hypoplasia and 1892. 


does not represent unilateral polyeystie 17. Carver, J. Hi: Cystic Disease of the 
‘ : e siti Right Kidney in an Infant, Brit. J. Urol. 
disease of the kidneys. 21: 229, 1949. 


that 18. Boggs, L. K., and Kimmelstiel, P.: Be- 
a 2 , ‘ nign Multilocular Cystic Nephroma: Re- 
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There is evidence to indicate 


eystie disease of the kidneys represent 


two independent entities. Further 49 
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INCONTINENTIA PIGMENTI 
VERA OLDFELT, M.D. 
LINKOPING, SWEDEN 


|‘ THE differential diagnosis between 
skin 
lesions in infants during the neonatal 


various types of vesicular 


period, a large number of diseases have 
to be eonsidered, notably, congenital 
syphilis, various forms of epidermol- 
ysis bullosa, pemphigus neonatorum, 
contact dermatitis, and dermatitis 
herpetiformis. If all of these diagnoses 
and also the familiar 


are ruled out, 


virus diseases associated with vesicles 


(herpes simplex, Kaposi's disease, 


chickenpox, or smallpox), the physi- 
cian will be confronted with a prob- 
lem. It may then be advisable to bear 


in mind ineontinentia pigmenti, which 


probably is not altogether uneommon 
and is easily recognized once a case 
has been studied. 

Incontinentia pigmenti was de- 


scribed in 1925 by Bardach, who re- 
ported, under the name of systema- 
fisterte Naevusbildungen, the typical 
symptomatology in a pair of monozy- 
gotie twins. In the same vear Bloch 
reported a case in a 2-vear-old girl 
with pigment anomalies which he ehar- 
acterized as incontinentia pigmenti. 
The disease has since been known by 
that 


been 


name, although attempts have 


made to introduee other desig- 
nations. 
In 1927, 


Bloch’s ease in greater detail, but sinee 


Sulzberger®® reported 


Bloch was then considered to have pri- 


This investigation was conducted with the 
iid = of 
Council 


grants from the dOstergitland County 


ority and Sulzberger had described 
the morbid anatomy exhaustively, the 
disease has since been most commonly 
known as the Bloch-Sulzberger syn- 
drome. Lechleuthner, in 1925, and 
Siemens (same case in 1929) have also 
been eredited with priority for the 
disease, which the latter author ealled 
In the 
co-workers, 


melanosis corii degenerativa. 
opinion of Epstein and 
who deseribed a bullous variation of 
the condition, Bardach has priority. 
Carney,’ 1951, in an excellent and con- 
ealled attention to the 
early vesicular stage. Carol and Bour, 
1941, felt that was best 
characterized by the name of melano- 


cise paper, 


the disease 


blastosis cutis linearis or systema- 
lisata. 

In recent years, papers on the sub- 
ject, generally comprising only a few 
cases, have been reported from sev- 
outside Eu- 


Seandi- 


eral countries in and 
rope.?-* ¢10 14, 16-22 Jn the 
navian literature, up till 1957, some 
eases have been reported, '-'* all from 
Denmark, 
with pronounced ocular lesions and 
toxo- 


Jensen'* deseribed a ease 
serum reactions for 
In 1958 two papers were 
Sweden": !*; 


positive 
plasmosis. 
published in one de- 
scribed the same cases as in this paper, 
the other paper dealt with a new ease. 

One of the most interesting features 
of this disease is that the skin lesions, 
which appear in early infancy, merely 
usher in the condition and are only 
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a part of the symptomatology as a 
whole. Incontinentia pigmenti is re- 
garded as an ecto- and mesodermal 
polydysplasia with early manifesta- 
tions consisting of bullous and vesieu- 
lar cutaneous lesions in the neonatal 
period and infancy, gradually chang- 
ing to verrucous and, eventually, to 
pigmented skin lesions that fade with 
the years. In 
coneomitant neurologic 
e.g., convulsions, central motor dis- 
turbances, sometimes oligophrenia, and, 
often, varying ophthalmologie symp- 
toms. In at least two cases, enucle- 
ation had been resorted to on the 
suspicion of glioma. Very typical of 
the disease are deep-going anomalies 
of the dentition, frequently in the 
form of delayed eruption’ with 
pointed hypoplastic, widely spaced 
teeth. 


case, 


most cases there are 


symptoms, 


Oceasionally, as in our first 
there are dentitional disturb- 
ances so grave as to warrant the 
designation of hypodontia or partial 
anodontia. The great majority of 
‘“ases occur in girls (there are only 4 
males among 80 reported cases), and 
the disease is considered to be (pre- 
dominantly?) hereditary. Different 
symptoms may be manifest in differ- 
ent generations, which makes it diffi- 
eult to verify the heredity. 
pediatricians showing 
mounting interest in 
anomalies and genetics, it 
worth while reporting three 
studied in recent years at the Chil- 
dren’s Hospital, Linképing. Two of 
the patients have been observed at 
the pediatric department through the 
various stages up to abating pig- 
mentation, though one of them for 
only one year. The third patient was 
first observed at that department 


Since are 
congenital 
seems 


2ases 


when she was 2 years old. 
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CASE REPORTS 


Case L-—-P. H. F., a boy, was born 
on Sept. 10, 1953. Parturition was 
normal, and the weight at birth was 
3,790 grams. A second child, a sister, 
is healthy. 


Heredity.—tThe 56-vear-old maternal 
uncle of the mother is a chondrodys- 
trofie dwarf. Ilis length is 134 centi- 
meters and he is of normal intelli- 
genee. There are no anomalies of the 
eyes or the skin. All the teeth have 
been lost. The father had progenia, 
had lost his upper’teeth early, and suf- 
fered from aene rosacea. The parents 
were not related. 





Fig. 1.—Case 1, 
ing to the 


The vesicular stage, chang- 


verrucous stage, 1953 


Skin.—There had been numerous 
vesicles and “pustules” on the body 
and face at birth; eventually, a linear 
arrangement of papules and _ vesicles 
appeared, chiefly on the dorsal sur- 
faces of the legs and buttocks (Fig. 1) 
and on the back. These lesions finally 
changed, via a verrucous stage, to 
hyperpigmentation that persisted lo- 
cally, but decreased in intensity, and 
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invariably showed a distinct linear 
tendency. On examination in 1957, at 
the age of + vears, there was “eafé-au- 
lait” pigmentation in long, fairly pale 
streaks on the extremities, notably the 
back of the legs, and more conspicu- 
ously on the trunk in the form of regu- 
lar areiform and horizontal streaks 
about 1 em. wide, which appeared to 
with the segmental innerva- 
2). On the back, the pig- 


coineide 
tion (Fig. 
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Hair— Alopecia areata with hyper- 
pigmentation. 
Teeth.—Delayed and very defective 


dentition, At the age of 144 years, the 
patient had only 3 teeth, which were 
hypoplastic and pointed. At the age 
of 4 vears the child had only 5 upper 
and 5 lower teeth, of which 3 upper 
and 4 lower were pointed and widely 
(Fig. Radiograms dis- 


spaced 5). 





Fig. 2 
Fig. 2 Case 1, The pigmented stage, 1954 
Fig Case 1, The pigmented stage, 1957 
mentation sometimes cross the mid- 


line, but on the abdomen it ceased a 


few centimeters therefrom. There 
were a few diserete patches on the 
face. Comparison of photographs from 
1953 (Fig. 2) and 1957 (Fig. 3) 


showed that the pigmented areas had 
diminished in extent. It was charae- 
teristic that of these hyper- 
pigmented sites became reddened and 
verrucous at times of gastrointestinal 
infections. There isolated ver- 
rucous areas on the feet | Fig. 4). 


some 


were 


Fig. 3. 


(compare with Fig. 3, 1957). 


closed only 12 dental germs. The 
patient suffered a grave case of hypo- 
dontia (partial anodontia). 


Neurologic Findings.—The patient 
had convulsions in the neonatal period. 
Lumbar puncture showed no appre- 
ciable disease. The Wassermann re- 
action was negative. On examination, 
at age 4 years, some bradylalia and 
mental peculiarities (lack of sponta- 
neity) were discovered. Babinski’s test 
was possibly positive on the left side. 
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The electroencephalogram was normal 
in 1957. 


Ophthalmologic Findings.—(1957) 
Evelid skin was thin, wrinkled, and 
atrophie. Media and eye grounds 
showed no appreciable disease. There 
were no angioid streaks. Antisome- 
tropia was present. There had been 
earlier periodic concomitant strabis- 
mus sursum vergens, but this had sub- 
sided. Right eve was +0.5 diopters and 
had full visual acuity. The left eve 
was —4 diopters and had impaired 


vision; this eve will probably be am- 
blvopie. 
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cranium and the skeleton showed 
nothing pathologic. The electrocardio- 
gram was normal, Dye test (Sabin- 
Feldman) and the complement fixation 
test were negative for toxoplasmosis. 


Histopathologic Findings.—( These 
examinations were performed by Dr. 
l‘redrik Wahlgren, Senior Pathologist 
at- the Pathology Department of 
Sédersjukhuset, Stoekholm.) In the 
vesicular stage, epidermis showed some 
acanthosis, slight discrete hyper- 
keratosis, and edematous opening-out. 
Eosinophilic leukocytes were present 
here and there. Ina few places, super- 





Fig. 4 Fig. 5 
Fig. 4 CASE 1, Verrucous areas on the feet in 1954. 
Fig CAsE 1, The pathologic dentition, 1957. 
Other Findings.—The patient’s ficial vesicles approximately at the 


course was afebrile. The sedimenta- 
tion rate was low. The weight in- 
crease was satisfactory. The blood 
examination follows: Coinei- 
dent with the early vesicular lesions 
there was conspicuous eosinophilia 
(maximum 34 per cent in peripheral 
blood); otherwise, nothing was patho- 
logie. (Eosinophilia was also present 
in the affected areas of skin.) All bae- 
teriologie cultures from the vesicles 
Cultivation for viruses 

Radiograms of the 


was as 


were negative. 
was 


not done. 


edematous in patehes. 





level of the keratohyvaline layers were 
found (i.e., not coinciding with loeali- 
zation in the dermatitis herpetiformis) 
(Fig. 6). Corium connective tissue 
was edematous. In papillary and sub- 
papillary layers were fairly abundant, 
diffuse accumulations of inflammatory 
cells, largely eosinophilic leukocytes. 
In the pigmented stage (Fig. 7) the 
epidermis was slightly thickened and 
At these sites, 
the ecorium showed increased numbers 
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Fig. 6 Case 1, A photomicrograph in the vesicular stage, 1953, showing vesiculation with 
eosinophil cells superficially in the epidermis. 

Fig. 7 Case 1, A photomicrograph in the pigmented stage, 1957, showing an increased 
number of chromatophores and clumps of melanin in the corium. 
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of chromatophores and clumps of 
melanin pigment. The findings were 
probably typical of incontinentia pig- 
menti. 


Tentative Therapy.—( Vesicular 
stage) Aureomycin had no effect; sul- 
fonamide had some influence on the 
eosinophilia but no definite effect on 
the vesiculation. Cortisone produced a 
marked reduetion of the eosinophil 
eount; from 7,350 to 1,000 per cubic 
millimeter, without demonstrably in- 
fluencing the disease in other respects. 
The condition showed a spontaneous 
tendency to improve, which made 
evaluation of therapy difficult. 


Case 2.—A. K. L., a girl, was born on 
Oct. 10, 1956. The patient is an only 
child. The pregnancy and parturition 
were normal. Weight at birth was 
3,500 grams. 

Heredity.—Nothing typical of in- 
continentia pigmenti was known. The 
parents were not related. 

Skin.—Some vesicles had been ob- 
served on the left upper arm at birth, 
and in the next few days they spread 
over large areas of the body. Eventu- 
ally, there was the typical linear ar- 


rangement of vyellowish-red maculo- 
papules and vesicles on the dorsal 


surfaces of the thighs and buttocks as 
well as some verrucous lesions; there 
was also involvement of the trunk and 
face. The infant’s general condition 
was excellent; the child gained weight 
and was afebrile. The sedimentation 
rate was normal. Cultures from the 
vesicular fluid proved negative. Cul- 
tivation for viruses was not done. Jo- 
dine test for dermatitis herpetiformis 
was negative. After a month or so, 
there were verrucous and _ infiltrated 
areas in long streaks on the back of the 
legs and buttocks (Fig. 8) and across 
the trunk (Fig. 9). There was ineipi- 
ent pigmentation. Infiltrations later 
abated, leaving a grayish-brown pig- 
mentation. At the ages of 6 months 
and 1 vear, respectively, pigmentation 
was distinctly paler (compare Figs. 9 
and 10). Infant was then adipose. 


Hair.—The hair was fairly thin, but 
no alopecia was present. 
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Teeth.—There were no teeth at the 
age of 6 months and three at the age of 
1 year, one of which seemed to be 
pointed. Normal dentition in 1958. 


Neurologic Examination.—Nothing 
pathologie was observed at the age of 
1 year. The patient was well devel- 
oped with respect to age. 


Ophthalmologic Findings.—S ome 
paleness of the papillae was observed 
at the ages of 1 month and 6 months; 
an abnormally marked lens border was 
noted at age 1 year. 


Laboratory Tests——Kosinophilia was 
23 per cent in acute stage. The Wasser- 
mann reaction was negative. Anemia 
was present during the first 3 months 
with a hemoglobin of approximately 8 
Gm. per cent and a red blood cell count 
of 3 million per cubic millimeter; after 
that anemia was slight. 


Histopathologic Findings.—(The ex- 
aminations were performed by Dr. 
Fredrik Wahlgren.) In the vesicular 
stage, the epidermis was thickened in 
some places, with edema and infiltra- 
tion of eosinophilic leukocytes. Corium 
at these sites was edematous and in- 
filtrated with inflammatory cells, 
largely eosinophils. There was no fully 
typical vesiculation. Deeper parts of 
the corium were more or less normal. 
The lesions appeared to be most con- 
sistent with dermatitis herpetiformis. 
Diagnosis of ineontinentia pigmenti 
was established later. (The parents 
have so far refused to permit biopsy 
of pigmented area. ) 


Tentative Therapy.—In the vesicular 
stage, sulfapyridine resulted in eleva- 
tion of temperature and disappearance 
of all eosinophils from the blood. Fur- 
ther attempts with the same drug had 
similar results. The vesicles were un- 
changed. 


Case 3.—A. J., a girl, was born on 
Sept. 19, 1953. Pregnaney and par- 
turition were normal. Weight at birth 
was 3,750 grams. The patient was the 
third of four children. 


ITeredity.—Father had brown 


had 


pigmented areas round the trunk “fol- 
A maternal 


lowing chickenpox” (?). 
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Fig. 8 
Ki ’ 
Fig. 10 
Fig. 8 Cask 2, The vesicular stage, changing to the verrucous stage 
December 1957) 
Fig. 9 Case 2, Vesicular stage, changing to the verrucous stage (age 2 
ber 1957) 
Fig. 10.—Case 2, The pigmented stage, 1957. 








(age 2 months, 


months, Decem- 
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aunt had had a vesicular eruption af- 
feeting the whole right side of the body 
at the age of 1 month; there was no 
residual pigmentation. The mother 


and another of her sisters had aniso- 
metropia and myopia. 
had a harelip. 
related. 


One _ brother 
The parents were not 


Fig. 11. 
Fig. 11.—CAsE 3, The pigmented stage (age 
Fig. 12.—Case 3, The pigmented stage (age 
Skin.—Ten hours after birth a few 


pea-sized vesicles were observed on the 
inner surface of the right forearm. 
Further vesicles developed in the next 
few days and eventually covered the 
abdomen, arms, face, especially above 
the eyebrows, ears, and neck; however, 
only a few were present on the cheeks. 
There were vesicles in long streaks 
down the back of the legs and on the 
feet. The patient was transferred to 
a children’s hospital and kept there 
from the age of 2 weeks until 4 weeks 
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old. The diagnosis was pyodermia 
and gastroenteritis. She was read- 
mitted between the ages of 2 and 3 


months, and at age 5 months, with the 
diagnosis hereditary epidermolysis 
bullosa being given. On the last oe- 
easion she had intertriginous erythema 
below the chin. 





1957). 
1957). 


years, 


years, 


The gluteal skin was reddened and 
infiltrated. On the arms, especially 
inside of the forearms, and on the 
dorsal surfaces of legs were moderate 
numbers of pale red, fairly hard, and 
infiltrated maculopapules without 
vesiculation. On the trunk and ex- 
tremities were areas of gray pigmenta- 
tion coinciding with the earlier sites 
of vesiculation. The facial vesicles had 
subsided without residual pigmenta- 
tion. Vesicles on the scalp had left a 
hairless pigmented patch in one place. 
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THE 


On the hands, notably the dorsal sur- 
the right thumb and middle 
finger, were a few fresh, severely ery 
with dried 
vesicles. General condition was good 
and increase of weight was normal. 
The pigmented areas increased in 
intensity up to the age of 1 to 1% 
years; then they gradually faded, al- 
though they were probably unchanged 
in extent, and possibly disappeared in 
some places. When examined in 1955, 
in the Dermatology Department, Lin- 
képing Hospital, at the age of 2 years, 


lace ol 


thematous eftlorescenses 


the patient had extensive grayish- 
brown pigmented areas on trunk, 


groin, and axillae, forming a reticular 
and linear pattern. The lines crossed 
the trunk diagonally and ran down 
the dorsal surfaces of the legs. Dur- 
ing febrile upper respiratory infec- 
tions, the pigmented areas became red- 
dened, elevated, pruritic, and, in some 
places, discharged fluid. The pale 
skin between these areas was quite 
normal. On examination at a chil- 
dren’s hospital, in 1957, the patient’s 
condition was more or less unchanged 
(Figs. 11 and 12). She was well de- 
veloped for her age, but her speech 
was somewhat retarded and unclear, 
although there was no _ bradylalia. 
There was a mild, dry eezematous le- 
sion on the right dorsum pedis. In 


summer of 1957, she had shown, at 
that site, fresh formation of clear 
coffee-bean-sized vesicles. Abdominal 


skin was somewhat rough and dry 
with oceasional scratch marks, mostly 
in the pigmented areas. A few ver- 
rucous exerescences were observed on 
fingers and toes. 


Hair.—There was alopecia areata 
with hyperpigmentation at the site of 
vesiculation during infaney. 

Teeth. 

Clinical examination: The child had 
normally developed milk teeth except 
the upper lateral incisors, the crowns 
of which were abnormally slender and 
pointed. Only the left lower first pre- 
molar was carious. Gingiva and mu- 
cous membranes were normal. 
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Radiographic examination: Dental 
germs of right upper lateral incisor 
and left upper second premolar were 
absent; that of the left upper lateral 
incisor resembled a small bell. The 
right upper second premolar had a 
germ of normal size, but not normal 
radiographic contrast. Dental germs 
of lower second premolars were ab- 
sent; that of right lower first premolar 


appeared as a small bell. The ex- 
aminer (Dr. B. O. Wiklund) made a 
reservation for undetected details. 


The calcification was incomplete. 


Neurologic Findings.—P ossibly, 
there was some speech retardation. 
At the age of 4 years, the speech was 
very unclear. There was no spasticity 
or convulsions. 


Ophthalmologic Findings.—Strabis- 
mus convergence of the left eye was 
present. In the right eye, visual acu- 
ity was 6/5 +0 diopters. The left eve 
was unable to fix and was +8 diopters. 
The patient had amblyopia ex anopsia 
and anisometropia. The media were 
normal. No anomalies of pigmentation 
were demonstrable in eye grounds 
(Seherling). 


Laboratory Findings.—During § ve- 
sicular period in infaney, the maxi- 
mum peripheral eosinophilia was 30 
per cent. The Wassermann reaction, 
the Kahn, and the Meinicke tests were 
negative. Cultivation of vesicular 
fluid showed growth of Staphylococcus 
aureus (probably a contamination). 
Virus cultivation was not done. In 
the pigmented stage (1957) the eosino- 
philia count was 7 per cent. Blood 
values were otherwise in normal range. 


Histopathologic Findings.—(Exam- 
ination by Dr. Wahlgren.) In the 
pigmented stage, epidermis in the bi- 
opsied area was slightly thickened and 
edematous, but otherwise showed no 
changes. In superficial layers of the 
corium, at a few sites, were clumps 
of melanin-pigmented chromatophores. 
There was no inflammatory cell infil- 
tration. The picture resembled, in 
principle, that earlier observed in 


eases of incontinentia pigmenti. 
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DISCUSSION 
For the differential diagnosis of 
vesicular skin lesions in infants, there 
is an excellent scheme in a paper 
written by Lewis and his 
leagues,’ ** although it does not in- 
elude incontinentia pigmenti. Of the 
diseases mentioned in the introduction, 
notably epidermolysis bullosa and 
various forms of pyodermia have to be 
considered. The vesicles in epidermol- 
ysis bullosa are much and 
more widespread than those associated 
with incontinentia pigmenti. They 
rupture and discharge a more or less 
copious, thin secretion. They are fre- 
quently localized to areas exposed to 
pressure. The small vesicles in in- 
continentia pigmenti, often no _ big- 
ger than lentils, are surprisingly re- 
sistant to compression and palpation. 
They sometimes appear to have thick 
contents, which occasionally seem so 
yellow, through the vesicular wall, as 
to be suggestive of xanthomatosis. 
Moreover, they are often concomitant 
with firmer 
many cases, incipient verrucous forma- 
tions among the vesicles. The linear 
arrangement in ineontinentia pigmenti 
is absent in epidermolysis bullosa. The 
physician few 
vases of epidermolysis bullosa and one 
or two of inecontinentia pigmenti will 
not be likely to confuse the two condi- 
tions. Presumably, it is more difficult 
to distinguish incontinentia pigmenti 
from dermatitis herpetiformis, which, 
in fact, is the condition fre- 
quently diagnosed in obscure cases 
that have later proved to be ineon- 
tinentia pigmenti. Indeed, it long re- 
mained the diagnosis in the first of 


col- 


thinner 


papular areas and, in 


who has observed a 


most 


Personally, I have not ob- 
herpetiformis in 


our cases. 


served dermatitis 


children and, therefore, have nothing 
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to add to data in the literature. From 
the latter it is evident, however, that 
even infantile dermatitis herpetiformis 
is associated with groups of vesicles 
and not long streaks as in inconti- 
nentia pigmenti, sometimes with urti- 
earial In adults 
the itching is intense, but in the new- 
infant it is not 
symptom, so that its absence perhaps 


formations as well. 


born a distressing 
cannot be accounted any major im- 
portance. Histopathologically, it may 
be possible to distinguish between the 
vesiculation in ineontinentia pigmenti 
and that in dermatitis herpetiformis, 
the vesicles being more superficial in 
the former disease (CasE 1). 

In regard to the differential diag- 
nosis relative to pyodermia, bacterial 
cultivation will doubtless be decisive, 
also the afebrile and benign course 
irrespective of antibioties, and the ab- 
sence of contagiousness, 

In the light of these three cases, a 
few special considerations are worth 
discussing. The first ease is, in all 
respects, quite characteristic of incon- 
tinentia pigmenti; the only unusual 
feature is that it occurred in a male 
infant. The 
above, is very rare in males, and the 


disease, as mentioned 
question whether this was actually in- 
continentia pigmenti might be debat- 
able. Franceschetti and Jadassohn‘* 
diseussed the possibility of two dif- 
ferent 
both of which might have been inecor- 
rectly referred to the Bloch-Sulzberger 
syndrome. The present male 
might then, conceivably, be assignable 
to the Naegeli the 
which is equally common in the two 


types of pigment anomalies, 


case 


form of disease, 


sexes. If this were so, however, the 
boy would not normally have shown 
neurologic symptoms (notably ocular), 
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nor the delayed dentition and the ano- 
dontia but, rather, yellow-spotted teeth 
and sensitivity to heat due to the in- 
Nothing of the kind 


was observed in this ease, although the 


ability to sweat. 


child was not subjected to a test with 
pilocarpine. Moreover, the pigmenta- 
tion should be reticulée in the Naegeli 
form, and judging by illustrations in 
the 
thereto, 


the relevant present case 


either in 


paper 


does not conform 


color or type. It is closely consistent, 
however, with pigmentation en écla- 
boussures as in the Bloech-Sulzberger 
[ have therefore ventured 
that this is the fifth male 
ease of incontinentia pigmenti (Bloch- 
(The diagno- 


syndrome. 


to assume 


Sulzberger syndrome). 
sis was verified by Sulzberger, among 
the Derma- 


tology Congress in August, 1957.) 


others, at International 


In Case 2, which related to a girl, 
no comments are required regarding 
True, some of 


the correct diagnosis. 
the eommon neurologie and oeular 
symptoms were absent here, but the 


patient is still quite voung and, more- 


over, these organic changes are re- 


ported to oceur only in just over one- 
half of the eases. 

In Case 3, also a girl, the diagnosis 
as established fol- 
both a 


must be regarded 


lowing the demonstration of 


vesicular initial stage and_ typical 
linear pigmented areas, ocular lesions, 
partial hypodontia, and typical histo- 
pathologic findings in pigmented areas 
of the skin. Worthy of note is that 


hypodontia was not manifested 
the 
amined radiologically. 

Many the 


term ineontinentia pigmenti to be a 


the 


until dental germs had been ex- 


consider 


investigators 


misnomer. It originated from the as- 


sumption that the basal layer of the 
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epidermis was “incontinent” and al- 
melanin to penetrate to the 
corium, where it was dealt with by 
chromato- 


lowed 
connective-tissue cells, or 
This view has recently been 
It is pointed out 


phores. 
strongly criticized.*! 
that no migration of pigment has ever 
been observed, and the pigment gran- 
ules in the basal epidermal laver and 
in the corium vary in size, so that the 
corium probably has its own pigment 
production. Also, there is not neces- 
sarily any lack of pigment in the basal 
layers above the pigment-rich parts 
of the corium, as might be expected if 
pigment Un- 
deutsch and associates*' have excellent 
all variations 
this this 


migration oeceurred. 


illustrations showing 
that may oceur in 
also tends to disprove the theory of 


respect; 
incontinence in the basal layer. Some 
other designation for the disease, as 


for instance, melanosis corii degen- 


erativa (Siemens), therefore seems 
preferable, but the term inecontinentia 
pigmenti has become so familiar that 
it is considered best to retain it. 

The cause of the conspicuous linear 
arrangement of the pigmented areas 
on the trunk in, e.g., the present CAsE 
1, and also that on the dorsal surfaces 
of the legs and buttocks, is not known 
with but 


tions** are suggestive of imperfectly 


assurance; certain observa- 
developed sensory nerve fibers with 
absence of the 
udative and subsequently pigmented 


overlapping in eX- 


These zones should accordingly 


areas. 
be more susceptible than others to 
varying stimuli, to which they re- 


spond with skin lesions of the type 
In the course of time, 
then 


outlined above. 


it is thought, vasomotor fibers 


develop and, after a few months, cause 
the exudation to subside in the infant 
Also 


and the pigmentation to remain. 
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that the basal 


these susceptible zones are 


possible is layers in 


sasily in- 


jured, giving rise to abnormal pig- 
mentation which instead appears in 


the corium, resulting in the bizarre 
pigmented areas. These theories are 
possibly consonant with the observa- 
tions on the hereditary factor in the 
disease. But it is far more difficult to 
reconcile the heredity with those virus 
theories that have been propounded 
by some authors. Griineberg,’® for in- 
stanee, has subseribed to a theory of 
infection as the 
etiology of the disease. Yet repeated 
attempts to cultivate viruses from 
vesicular fluid have invariably failed.* 
Probably, we are concerned here, 
rather, with a hereditary ecto- and 
mesodermal polydysplasia, as most in- 
vestigators now believe. The relation- 
ship to toxoplasmosis should be studied 


intrauterine virus 


in more detail by serologic examina- 
tions of old and new ecases.'* In the 
the present cases, serologic 

toxoplasmosis were quite 
negative. Since the other two pa- 
tients had no ocular lesions, toxoplas- 


first of 


tests for 


mosis was considered unlikely. 

It is useful to know of the disease 
when seeking to elucidate the cause 
of vesicular skin lesions in infants, 
and when investigating skin diseases 
and alopecia associated with pigmen- 
tation. Ineontinentia pigmenti should 
also be borne in mind in the evalua- 
tion and classification of children with 
central motor disturbances, with or 
without oligophrenia, and when ex- 
amining cases with ocular and dental 


anomalies. 


SUMMARY 


Three eases of incontinentia pig- 
menti are reported, one of them in a 


communication. 


*Personal 
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(In males the dis- 
Not more than 


hoy 4 vears of age. 
ease is extremely rare. 
four of the 80 eases published since 
1925 have The other 
two cases were in girls of 1 and 4 
Two of the cases 


been males.) 
years, respectively. 
were observed in all three stages: the 
vesicular, the verrucous, and the pig- 
mented. The older child’s condition was 
also observed in the fourth stage: the 
fading pigment stage. The histopatho- 
logic findings were typical for the dis- 
ease, and there was blood eosinophilia 
The boy had 
various neurologie manifestations, such 
as convulsions in the neonatal period; 
strabismus anisometropia with 
myopia and _ unilateral impaired 
vision; bradylalia; alopecia areata with 
hyperpigmentation; late eruption of 
defective teeth, and partial anodontia 
in the permanent dentition. 

No relationship to toxoplasmosis was 


in the acute early stage. 


and 


found. 

The second case, a girl of 1 year, 
had typical skin changes at various 
ages, but no real neurologic or oph- 
thalmologie changes. 

The third ease, a girl of 4 years, 
was studied at another hospital in the 
early stages and transferred here in 
the pigmented stage. She showed, in 
addition to the extensive pigmenta- 
tion, partial hypodontia of the perma- 
nent teeth, strabismus with amblyopia 
ex anopsia, anisometropia, and alo- 
pecia areata with hyperpigmentation. 

The etiology is discussed, and the 
probability stressed that incontinentia 
pigmenti is referable to the ecto- meso- 
dermal polydysplastic diseases, mostly 
affecting the female sex. 
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A CLINICAL STUDY OF AN EXANTHEM DUE TO ECILO VIRUS TYPE 9 
J. W. St. Geme, Jr., M.D., J. T. Prince, B.A., W. F. 


SCHERER, M.D., AND 


W. Krivit, M.D., Px.D. 
MINNEAPOLIS, MINN. 


ITILIN the 


infectious 


past five years two 


exanthems have been 


related to enteric 
pathogenic human 
(ECHO).' Neva** first described the 
Boston Exanthem in 1954, and subse- 
quently defined a similar outbreak in 
Pittsburgh in 1956. Continued in- 
vestigation has revealed that the ecausa- 
tive agent is ECHO virus type 16.’ 
Rash and aseptic meningitis due to 


etiologieally cyto- 


orphan viruses 


ECHO virus type 9 have been de- 
scribed since 1953, in Australia,* Eng- 
land,” *® Belgium,'''* Canada,'* and 
the United States.*°'® The rash oe- 
eurred in but 13 to 50 per cent of the 
report from England 
only rash, headache, and fever with- 
out meningismus deseribed."* 
Kleinmann and 
many cases of exanthem alone in their 
survey of ECHO 9 virus infection in 
Minnesota during the summer of 1957. 

It was the observation of the first 
three eases of exanthem described be- 
low and the curiosity thus aroused 
that initiated the virologic investiga- 
tion and epidemiologic survey of the 
Minnesota epidemic. All of these thir- 
teen cases of “new measles” had bven 
seen before the first case of aseptic 
meningitis was brought to our atten- 
tion. As our study progressed, it be- 


eases. In one 
were 


associates’ observed 


Pediatrics and 
University of 


Department of 
and Immunology, 


From the 
Bacteriology 
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came obvious that the same viral agent 
was responsible for cases of exanthem 
alone, aseptic meningitis alone, aseptic 
meningitis plus exanthem, and “sum- 
mer grippe.”’ 

the 
meningitis syndrome was well known, 
but documented cases of ECHO 9 viral 
Our 


As mentioned above, aseptic 


rash alone were extremely few. 
interest was in the unveiling of a new 
“measles,” the clinical and laboratory 
observations of which are presented 


below. 


METHODS OF INVESTIGATION 

Throat swabs, fecal specimens, and 
acute- and 
were obtained from almost all subjects 


convalescent-phase sera 
who presented this unusual exanthem. 
As a detailed virologic investigation of 
this entity is the basis for a separate 
report,'® only a brief description of the 
laboratory techniques will follow. 
Throat swabs were immersed in nu- 
trient broth immediately after collee- 
After the 
broth, the supernatant fluid was de- 


tion. centrifugation of 
e-anted, antibiotics were added, and ali- 
ae” &. 
Stool specimens were initially frozen 
at —70° C 
tilled water. 


quots ampuled for storage at 


. and later suspended in dis- 


Then, as above, after 
centrifugation, antibiotics were added 
and the specimens ampuled for storage 
at -—70° C. 


phase sera were stored at 


Acute- and convaleseent- 
20° C. 
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Cell cultures of monkey (eynomol- 
vus and rhesus) kidney, HeLa, human 
amnion, and human foreskin were inoe- 
ulated with undiluted specimen mate 
rial and maintained at 37° C. These 
preparations were observed for 10 to 
21 days for evidence of eytopathoge- 
nicity. 

ECHO 9 virus was identified in eul- 
tures of monkey kidney cells by the 
recommended technique of the commit- 
tee on ECHO viruses.' In each culture 
75 to 250 tissue culture dose—50 (50 
infectious for tissue culture) 
20 units of ECHO-9 neu- 


per cent 
of virus an 
monkey anti- 


tralizing antibody, as 


serum, were used. Cultures were in- 
eubated at 37° C. and observed for five 
days. 

Neutralizing antibodies were quanti- 
tated in monkey kidney cell cultures. 
Antibody end points were taken as the 
highest dilution of human test sera 
that completely neutralized virus and 
prevented cell destruction. 

Leukoeyte counts were determined 
on as many subjects as possible. 

The majority of clinical observations 
and procurement of laboratory speci- 
mens were performed by one of us 
(J. W.S.). 


CASE SUMMARIES 


Case 1.—T. Z., a 3-yvear-old white 
hoy, developed a sparse red facial rash 
on July 20. On July 22 his tempera- 
ture was 102.4° F., and examination 
revealed a diffuse, fine, erythematous 
eruption on his head, torso, and arms. 
Additional physical findings ineluded 
minimal conjunctivitis, pharyngitis, 
and anterior and posterior cervical 
lvmphadenopathy. By July 23 the 
exanthem was fading, the temperature 
was normal, and he was feeling well. 
On July 22, the leukoeyte count was 
6,000 per eubie millimeter, with 66 per 
cent neutrophils and 28 per cent lym- 
ECHO 9 virus was isolated 


phoeytes. 
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from a throat swab obtained on July 
Serologic study re- 
rise in titer of neu- 
tralizing antibody against ECHO 9 
virus during a 28-day interval. There 
was no known prior exposure to a 
similar illness. 


22 = (d.0.i.-3).* 


vealed an 8-fold 


Case 2.—B. Z., a 6-year-old white 
boy, beeame febrile on July 20. On 
July 22 examination revealed a tem- 


perature of 102° F. and a blotchy 
erythematous eruption most marked on 
the cheeks but seattered diffusely over 
the rest of the face; this was the day 
of onset of the exanthem. Additional 
findings were minimal conjunctivitis 
and anterior and posterior cervical 
lymphadenopathy. By July 23, the ex- 
anthem was fading, the temperature 
was normal, and he was feeling well. 
The leukocyte count was 8,500 per 
ecubie millimeter, with 55 per cent 
neutrophils and 40 per cent lympho- 
eytes. ECHO 9 virus was isolated 
from both a throat swab obtained on 
July 22 (d.o.i.-3) and a stool specimen 
obtained on July 31 (d.0.i.-12). Sero- 
logie study revealed an 8-fold rise in 
titer of neutralizing antibody against 
ECHO 9 virus during a 28-day inter- 
val. There was no known prior ex- 
posure to a similar illness. 


Case 3.—D. Z., a 5-year-old white 
girl, became febrile and had a temper- 
ature of from 100° to 101° F. on July 
21. On July 22 examination revealed 
normothermia and a blotchy erythem- 
atous eruption most marked on the 
cheeks plus a fine, pink, papular erup- 
tion near the hairline and scattered 
over the torso and extremities. Addi- 
tional findings included minimal con- 
junetivitis and anterior and posterior 
cervical lymphadenopathy. By the 
next day, July 23, the exanthem was 
already fading. On July 22 the leuko- 
evte count was 11,150 per eubie milli- 
meter, with 41 per cent neutrophils 
and 51 per cent lyvmphoeytes. ECHO 
9 virus was isolated from a throat swab 
obtained on July 22 (d.0.i.-2). Unfor- 
tunately, it was realized too late that 
the convalescent-phase serum sample 


*(d.0.i.-3) represents the third day of ill- 


ness. 
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had been misplaced so that confirma- 
tory serologic studies could not be per- 
formed. There was no known prior 
exposure to a similar illness. 


Comment.—lIt is interesting to note 
that (T. Z.) 


hours of rash before fever ensued. 


CAsE 1] experienced 48 

To illustrate the familial epidemiol- 
ogy of this infectious exanthem (T. Z., 
B.Z., and D.Z. being 
might add the case of M. Z. The latter, 
an infant, coincident with the illness of 
to 102 


KF. fever for two days, followed by a 


siblings), we 


his siblings, developed an 101 


fine, erythematous, papular eruption 


on his head, torso, and extremities 


Viral investi- 
this 


which lasted three days. 


vation was not undertaken in 


child. Three days after the onset of 
the rash in her children Mrs. Z. was 
afflicted with fever, headache, menin- 


gismus, and malaise requiring hospital- 
Mrs. Z. had a 64-fold rise in 
titer of neutralizing antibody against 


ization. 


ECILO 9 virus during a 22-day inter- 
val. Mrs. Z. had no rash. 

With so consistent a family sequence 
of ECHO 9 virus infection, we felt lit- 
tle compunetion about including CAskE 
3 (D.Z.) in our exanthem study de- 
spite lack of serologic confirmation. 


Cask 4+.—R. K., a 414-year-old white 
hoy, developed a fever of 101° to 102° 
F. on July 31 whieh remitted on 
August 1 only to be followed on the 
same day by a mild, erythematous, 
maculopapular facial rash. Two days 
later the eruption was gone. ECHO 
9 virus was isolated from both a throat 
swab obtained on August 3 (d.0.i.-4) 
and a stool specimen obtained on Au- 
gust 5 (d.o.i.-6). This child had a 32- 
fold rise in titer of neutralizing anti- 
body against ECHO 9 virus after only 
IS days. There was no known prior 
exposure to a similar illness. 


Case 5.—D. K., a 21-year-old white 


hoy, developed a fever of 100° F. on 
July 25 plus anorexia and malaise. On 
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July 26 his temperature rose to 101‘ 
to 102° F., and the following day he 
had an erythematous maculopapular 
rash on the face and extremities, spar- 
ing the torso. The eruption lasted only 
48 hours. It is not known whether the 
fever persisted after the onset of the 


rash. ECIIO 9 virus was isolated from 
throat swabs obtained on July 28 
(d.o.i.-4) and August 3 (d.o.i.-10). 


An &-fold rise in titer of neutralizing 
antibody against ECHO 9 virus oe- 
curred after 24 days. There was no 
known prior exposure to a similar ill- 


hess, 


Cask 6.—M. K., a 114-vear-old white 
boy, developed a very mild fever on 
July 29 followed on July 30 by an 
erythematous maculopapular eruption 
on the face and arms, most markedly 
the former. The rash had disappeared 
by August 1, two days later. ECILO 
9 virus was isolated from a feeal speci- 
men obtained on August 3. (d.0.i.-6) 
No serologic studies were available. 
There was no known prior exposure to 
a similar illness. 


Comment.—Again the pleotrophism 
and invasiveness of this virus are dem- 
onstrated by the appearance of fever, 
headache, and stiff neck in the mother 
of the three siblings cited above. She 
A 32-fold rise 

antibody 
constituted 


did not develop a rash. 
in titer of neutralizing 
against ECHO 9 virus 

proof of ECHO 9 virus infection. Mrs. 
K.’s symptoms followed those of Case 
CAsE 4 
Such a sequence 


5 (D.K.) by 12 days and 
(R. K.) by 5 days. 
suggests an incubation period of from 
5 to 12 days. No infectious exposure 
other than to her children was known 


to this mother. 


(R. K.) had an interesting 


pattern of 


CAsE 4 
“roseoloid” infection as 
fever and the lysis of same preceded 
his eruption. 

Case 7.—D.F., a 7-year-old white 
boy, beeame ill with fever, vomiting, 
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and diarrhea on July 21 and was ad- 
mitted to the University of Minnesota 
Hospitals on July 23 having a 
“fever of unknown origin.” Abdom- 
inal pain, nausea, and dizziness contin- 


as 


ued until July 26, at which time a 
sparse, fine, erythematous rash ap- 
peared on his torso. The exanthem 


lasted 48 hours. Fever persisted until 
July 27, becoming as high as 103° F, 
Examination on the day of onset of the 
rash revealed an injected pharynx and 
anterior cervieal lymphadenopathy. 
On the day of admission, July 23, 
three days prior to the eruption, the 
leukoeyte count was 8,100 per eubie 


millimeter, with 90 per cent neutro- 
phils and 10 per cent lymphoeytes. 
ECHO 9 virus was isolated from a 


throat swab obtained on July 27 (d.0.i.- 
7) and a stool specimen obtained on 
July 31 (d.o.i.-11). A 4-fold rise in 
titer of neutralizing antibody against 
ECHO 9 virus was observed after a 
32-day interval 


Case 8.—E. G., a 3-vear-old white 
girl, awakened the morning of August 
18 with a diserete erythematous rash 
on her arms and a fever of 101° F. In 
12 hours the eruption had spread grad- 
ually to her neck, chest, and legs, and 
her temperature had risen to 103° F. 
She also became anorexic and vomited 
several times. When seen the follow- 
ing day, August 19, a “rubelliform” 
eruption was noied over the chest, up- 
per back, abdomen, and all extremities. 
A fine, pink rash appeared on the face, 
most marked over the malar eminences. 
Mild pharyngeal injection and poste- 
rior cervical lymphadenopathy were 
also observed. The entire illness lasted 
only 48 hours. ECHO 9 virus was iso- 
lated from a feeal specimen obtained 
on August 20 (d.0.i.-3). An 8-fold rise 
in titer of neutralizing antibody 
against ECHO 9 virus oceurred after 
a 30-day interim. 

Cask 9.—M. Mell., a 9-year-old 
white girl, developed a fever of 100.3° 
F. on August 15. The following day 


her temperature was 101° F., and on 
August 17 a diffuse, fine, macular, red 
rash appeared on her cheeks, torso, and 
slight 


extremities. She also had 
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pharyngeal injection and anterior and 
posterior cervical lymphadenopathy. 
The exanthem disappeared after only 
one day. Fever, however, persisted 
until August 20, two days after the 
rash had vanished. The temperature 
varied from 101° to 102° F. Ano- 
rexia, vomiting, and lethargy were 
prominent symptoms throughout the 
duration of the eruption. A leukocyte 
count taken at the time of the rash 
was 4,750 per cubie millimeter, with 
60 per cent neutrophils and 35 per cent 
lymphoeytes. ECHO 9 virus was iso- 
lated from both a throat swab obtained 
on August 19 (d.0.i-5) and a stool 
specimen obtained on August 22 
(d.0.i.-8). Serologie study revealed 
a 4-fold rise in titer of neutralizing 
antibody against ECHO 9 virus at- 
tained after a 28-day interval. 

Case 10.—R.K., a _ 10-month-old 
white boy, beeame febrile on July 20 
and had a temperature recording of 
101° F. Emesis occurred on the same 
and following day. On July 22 a dif- 
fuse, fine, red rash appeared, which 
spread over his entire body. Two days 
later the eruption was “heavier and 
thicker.” By July 29 the exanthem 
was reported to be fading. Fever con- 
tinued throughout the period of the 
eruption. Minimal conjunctivitis and 
pharyngitis were noted as well as pos- 
terior cervical lymphadenopathy. A 
leukoeyte count on July 23 was 10,300 
per cubie millimeter, with 45 per cent 
neutrophils and 55 per cent lympho- 
eytes. ECHO 9 virus was isolated 
from a throat swab performed on July 
24 (d.0.i.-7). Specimens for serologic 
proof of ECHO 9 virus infection were 
not obtainable. 

Comment.—The preceding four cases 
all manifested gastrointestinal disturb- 
ance, primarily vomiting, as the symp- 
tom either prodromal to, or concomi- 
tant with, the exanthem. One might 
suggest that, akin to the respiratory 
tract involvement in rubeola and ru- 
bella, in the ECHO 9 exanthem the 
gastrointestinal tract is the site of the 
associated “catarrh.” 
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Noteworthy was the prolonged pro- 
drome prior to the appearance of the 
evanescent rash in Case 7 (D.F.). 
By contrast, in Case 8 (E.G.) the ex- 
anthem and associated clinical phenom- 
ena appeared simultaneously, similar 
to the pattern of rubella. 

We feel that the inelusion of Case 
10 (R.K.) despite lack of serologic 
data is justifiable for two interesting 
reasons. First, during an epidemic of 
aseptic meningitis in New York due to 
ECHO 6 virus, a 58 per cent yield of 
virus was obtained from the throats of 
symptomatic subjects, while by con- 
trast, not one virus was isolated from 
the pharynx of an asymptomatic, mere 
household contact.’® Second, in a simi- 
lar outbreak in Belgium due to ECHO 
9 virus, a 50 per cent yield from the 
throats of patients was obtained only 
between the first and fourth day of the 
illness and nothing thereafter. How- 
ever, there was a 16 per cent yield 
from stool specimens and a 20 per cent 
yield from spinal fluid after even the 
fifteenth day.** Albeit inferential, we 
feel a positive viral isolate from the 
pharynx is of etiologic significance, 
such was true in Case 10 (R.K.). 

Case 11.—H. B., a 33-year-old white 
man, a pediatrician, developed a tem- 
perature of 103° F. on July 27, which 
lasted three days. Simultaneously he 
had a headache and malaise for three 
days. On July 28 a faint rubelliform 
rash appeared on his chest and then 


spread to the arms and thighs. The 
eruption abated after three days. 


ECHO 9 virus was isolated from a 
throat swab taken on July 31 (d.0.i.-4), 
and serologic investigation revealed a 
4-fold rise in titer of neutralizing anti- 
body against ECHO 9 virus after 14 
days. 


Cask 12--M. B., a_ 35-year-old 
white woman, wife of H. B. and also a 
physician, developed a fever of 104° 
F. on July 27 (the same day as her 
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husband). Her febrile response con- 
tinued seven days thereafter as a low 
gerade fever of 100° F. She also suf- 
fered from a headache and malaise for 
three days, these symptoms plus fever 
all began simultaneously. On July 28 
a diffuse scarlatiniform rash occurred, 
but disappeared in 24 hours. Four 
days later, on August 1, the rash re- 
curred as a faint maculopapular erup- 
tion on the face, torso, arms, and 
thighs, again lasting only 24 hours. 
ECHO 9 virus was isolated from a 


throat swab obtained on August 1 
(d.o.i.-5). After a 20-day period, an 


8-fold rise in titer of neutralizing 
antibody against ECHO 9 virus was 
observed. 


CasE 13.—S. R., a 23-year-old white 
woman, a registered nurse, noted the 
onset of an undetermined degree of 
fever plus headache and malaise on 
July 21. Three days later, a petechial 
red rash was seen on the lower legs; 
soon afterward a rubelliform eruption 
appeared on the face and torso. On 
July 26 examination revealed a mild 
diffuse erythema over the left malar 
eminence plus 2 to 3 mm. pink “spots” 
scattered liberally over the torso and 
minimally on the legs. Slight pharyn- 
geal redness was also recorded. By 
July 28 the exanthem and accompany- 
ing symptoms vanished. <A leukocyte 
count performed at the height of the 
rash was 4,500 per cubic millimeter, 
with 50 per cent neutrophils and 39 
per cent lymphocytes. Both a throat 
swab obtained on July 25 (d.0.i.-5) and 
a feeal specimen obtained on August 1 
(d.o.i.-12) vielded ECHO 9 virus. An 
8-fold rise in titer of neutralizing anti- 
body against ECHO 9 virus occurred 
after 19 days. 

Comment.—The biphasie eruption 
observed in Case 12 (M.B.) is unique 
and similar to the sequence seen in 
erythema infectiosum.”° 

Four days before the onset of the 
ECHO 9 exanthem in Cases 11 and 12 
(H. B. and M. B.), their 14-month-old 
son developed fever, malaise, anorexia, 
and rash. 
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Kight days after the onset of illness 
in Case 13 (S. R.), her husband com- 
plained of malaise, and subsequently 
morbiliform 


there appeared a_ faint 


rash sparing only the face. Assuming 
a similar viral etiology in this instanee, 
an 8-day ineubation period was sug- 


gested. 


TABLE LI. 


| ILLNESS (DOL) 
THROAT SWABS 








STUDY POSITIVE | NEGATIVE] POSITIVE | NEGATIVE| ACUTE-PHASE SERA PHASE SERA 
SUBJECTS |} (D.O.1.) ( D.O.1.) ( D.O.1. ) ( D.O.1. ) (D.O.1. ) TITER ( D.O.1. ) TITEK 
_- - 3 aa : 3 10 31 80 
B. Z. 3 : 12 min 3 10 31 80 
D. Z. 2 = t t , 

R. K. 4 23 6 4 4 22 128 
D. kK. 1, 10 29 4 10 28 80 
M. Kk. 25 6 : t ; 
D. F. 7 “s 11 a) 7 10 39 10 
E. G. 2 3 die 2 10 32 0 
M. Mel. 5 6 8 13 a) 10 33 10 
R. Kk. 4 t + 
H. B. r _ 4 10 IS 40 
M. B. 5 _ . 1 10 24 80 
} S. R. 5 —_ 12 10 5 10 24 SO 
Specimens were tested in monkey kidney cells, HeLa cells, human amnion cells, foreskin 
fibroblast explant cultures, and litters of 1- to 2-day-old mice 
Neutralizing antibody titers are given at the highest dilution of serum that completely 
neutralized 75 to 250 TCD—50 (tissue culture dose) of ECHO 9 virus from subject H. B. 
when tested in cultures of monkey kidney cells. These results were confirmed by repeated 
tests. 
*Stool specimens were not obtained. 
?Sera were either lost or unable to be obtained 


OF THE CLINICAL AND 


LABORATORY OBSERVATIONS 


DISCUSSION 


The data mentioned in the preceding 
clinical summaries tabulated in 
Tables I and II. 

Eight males and 5 females comprised 
our series of patients. The group con- 
infant, 6 children 1 to 5 
youngsters 6 to 10 years 


are 





sisted of 1 
vears old, 3 
of age, and 3 adults. 

Fever was present in all the subjects 
as a symptom either prodromal or con- 
current with the rash. At its height, 
the fever ranged from 101° to 104° F., 
the usual temperature elevation being 
102° F. 
to 8 days, the average being 314 days. 


The fever persisted from 1 
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VIROLOGIC AND SEROLOGIC 
ECHO 9 yIRUS ISOLATIONS BY DAY OF 


STOOLS 
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Nonspecific malaise was the complaint 
of 4+ out of 13 subjeets, and headache 
was cited in only the 3 adults, CAses 


ll to 13. 
were observed in 4 of the children, all 


Gastrointestinal symptoms 


4 experienced emesis and 1 of the 4 
also complained of abdominal pain and 


diarrhea. When these symptoms were 


Struples or ECHO 9 EXANTHEM 


NEUTRALIZING ANTIBODY 
ECHO 9 virus 
CONVALESCENT 


SERUM 
RESPONSES TO 





actually prodromal to the rash, they 
occurred from 0 to 5 days before the 
exanthem appeared. The average dura- 
tion of this phase was about 114 days. 

The exanthem 1 to 7 
days, with the usual duration being 


lasted from 
214 days. 

The distribution of the eruption was 
rather interesting as the face and ocea- 
sionally the cheeks alone seemed to be 
the most common site. Eleven of the 
13 subjects had a facial rash, 5 of these 
11 exhibited the eruption only on the 
cheeks. Two youngsters, 
(B. Z.) and 4 (R.K.), had just a fa- 

The 
in 9 


Casks 2 


torso and 
of the 


cial rash. arms were 


involved out 13 patients 
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The legs were the least commonly in- 
the 13 individuals 
demonstrated an eruption in this re- 
Case 7 (D.F.) was unique in 


volved, only 7 of 
gion. 
that only the torso was covered. 

the elinieal deserip- 
tions of this exanthem, one could mor- 


Summarizing 


phologically characterize it as rubelli- 
form in appearance, an impression also 
forwarded by others.* *" 
Additional physical findings in- 
cluded pharyngitis in 6, conjunctivitis 
in 4, and cervical adenopathy in 7 sub- 
jects. 

As might be inferred from the clini- 
cal summaries, this illness was for the 
most part very mild. 

Leukocyte counts varied from 4,500 
to 11,000 per eubie millimeter, with 
from 41 to 90 per cent neutrophils and 
from 6 to 55 per cent lymphocytes. 

Eleven of the 13 (85 per cent) cases 
studied yielded a throat swab positive 
for ECHO 9 Table II). 
One-hundred per cent of the subjects 


virus (see 
from whom a stool specimen was pro- 
eured carried ECHO 9 virus in their 
Positive throat 
cultures were obtained as late as the 
tenth day of illness. Cases 8 (E. G.) 
and 9 (M. MeH.) had negative throat 
swabs on the second and sixth day of 


gastrointestinal tract. 


illness, respectively. Three other nega- 
swabs occurred after the 
Positive 


tive throat 
twenty-second day of illness. 
stool cultures were obtained as late as 
the twelfth day of illness. Three nega- 
tive cultures occurred on the ninth, 
tenth, and thirteenth days of illness, 
and in two of these instances a positive 
stool culture was obtained two days 
later. A significant rise in titer of neu- 
tralizing ECHO 9 
virus took place in all of the ten sub- 


antibody versus 


jects so studied. 
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As mentioned above, from study sub- 
ject and family member temporal rela- 
tionships, the incubation period of this 
infectious exanthem seems to be ap- 
proximately one week. 


DIFFERENTIAL DIAGNOSIS 

When the early cases were seen they 
were thought to be the Boston Exan- 
them. This is a summer rash, rubelli- 
form in appearance, noted predomi- 
nantly on the face and torso, and lasts 
from 2 to 4 days. After an incubation 
period of about one week, either the 
exanthem itself or a short prodrome of 
fever ensues.*** Sore throat, headache, 
abdominal pain, anorexia, conjunctivi- 
tis, and cervical adenopathy are occa- 
sionally observed. The marked similar- 
ity between the Boston Exanthem and 
our eases is quite obvious. 

Severe miliaria rubra was an initial 
consideration in a few eases, but fever, 
pharyngoconjunctivitis, and cervical 
adenopathy served to clarify the elini- 
cal impression. 

Morbilliform drug eruptions should 
always be eliminated. A history of 
drug administration, the descending 
pattern of the eruption with eventual 
involvement of palmar and plantar 
surfaces, and eosinophilia usually aid 
in establishing a correct diagnosis. 

It was our impression that this ex- 
anthem was often called atypical 
rubella. The usual paucity of prodro- 
mal symptoms, the presence of post- 
auricular and suboecipital lymphad- 
enopathy, and the concentration of 
rash on the torso should differentiate 
rubella from ECHO 9 virus exan- 
them.”" 

As of our 
eases manifested a sequence of fever 
which 


mentioned above, one 


and rash resembled roseola. 
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However, one should not anticipate 
that ‘‘a clinical syndrome so clear and 
distinet’’** will often be confused with 
the cases described in this paper. 

As virologie techniques improve and 
the search for viral-caused diseases 
continue, many other ill-defined erup- 
tions will also be unraveled. The curi- 
ous clinician has a unique opportunity 
to implement the solution of many 
such puzzles. 


SUMMARY 


Thirteen cases of a summer rubelli- 
form exanthem are presented in con- 
siderable detail plus virologic evidence 
of causation by ECHO virus type 9. 
Fever, malaise, and gastrointestinal 
symptoms antedated or coincided with 
the onset of a rash which lasted from 
2 to 3 days and involved, primarily, 
the face, arms, and torso. Pharyngitis, 
conjunctivitis, and cervical lymphad- 
enopathy were occasional acecompany- 
ing physical findings. The total leuko- 
evte count and differential were usually 
within normal limits. An ineubation 
period of approximately one week 


was apparent from case observations 


within several families. 
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DOSES OF 
SULFAMETHOXYPYRIDAZINE FOR RILEUMATIC FEVER 
PREVENTION 


ORAL 


Kiome Ek. Jounson, M.D., MELVILLE J. Matuews, M.D., anno 
GENE LH. STOLLERMAN, M.D. 
CHicaco, ILL. 


REVENTION of recurrent attacks 
Pa rheumatic fever by continuous 
chemoprophylaxis against streptococeal 
infections is now a generally aecepted 
procedure.’ The choice of an antibiotic 
and its mode of administration requires 
further exploration, however, inasmuch 
as certain disadvantages continue to 
limit the efficacy of commonly accepted 
Although monthly injee- 
tions of benzathine penicillin have been 


regimens, 


shown, in carefully controlled studies, 
to be superior to certain oral regimens 
* the 
quest for a more efficient oral regimen 
the limited ae- 


prolonged 


of penicillin and sulfonamides,* 
continues because of 
ceptability of parenteral 


medication. There is general agree- 
ment that many of the failures of oral 
prophylaxis are due to forgetfulness on 
the patient’s part to take medication 
daily. 

Recently, a new sulfonamide com- 
pound, sulfamethoxypyridazine 
(Kynex*), was discovered to produce 
measurable blood levels as long as seven 
the 


single oral dose.* ‘ 


days after administration of a 


It was considered 


Medicine and 


Departments of 
Medical 


University 


From the 
Pediatrics, Northwestern 
School 

These studies were supported in 
the Sackett Foundation and by a 
grant from Lederle Laboratories, 

*Kynex was supplied through the courtesy 


part by 
research 


of Dr. Eugene Swanzey, Lederle Laboratories 
Division, American Cyanimid Company, Pearl 
River N 
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of interest to explore the suitability of 
using this drug in single weekly oral 
prophylaxis of 
Preliminary 


doses as secondary 


rheumatic fever. ob- 


servations by Lepper, Simon, and 
Marienfeld® indicated a good tolerance 
of such a regimen in a small closed 
population. In addition favorable re- 
sults have been achieved with the use 
of this compound in mass prophylaxis 
of epidemic streptococcal infection in 
a military population.’ 

The present study was designed to 
confirm the tolerance of such a regi- 
men, to determine the blood levels 
achieved at varying intervals follow- 
ing each dose, and to make detailed ob- 
servations on a limited number of rheu- 
matie fever outpatients receiving this 
regimen with regard to the incidence 
of clinieal and subelinical streptococeal 


disease. 


METHODS AND MATERIALS 


The prophylactic regimen was ini- 
tiated in 30 patients who had had a 
proved attack of rheumatie fever by 
criteria’ within a period of 5 
There was no previous history 


-Jones 
years. 
of sulfonamide sensitivity in any of the 
patients. The distribution of age was 
8 to 39 years; 5 patients were under 
10 vears of age, 19 were 10 to 20 years 


old, and 6 were over 20 years of age. 
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Eight of the 30 patients in whom pro- 
phylaxis was initiated were being hos- 
the 

fever*; the remaining 22 
attended the outpatient 
Baseline studies ineluded com- 


pitalized during acute 
rheumatic 
patients 
clinic. | 
plete blood count, urinalysis, erythro- 
for C- 
reactive protein, and antistreptolysin 
O titer. 
than 


cyte sedimentation rate, test 
Patients who weighed more 
100 pounds received 3 Gm. of 
sulfamethoxypyridazine as a_ single 
weekly oral dose, and patients less than 
100 pounds in weight received 2 Gm. 

All patients were examined weekly 
for the first 8 weeks, biweekly for the 
next 2 months, and monthly thereafter. 
The average period of follow-up was 
11 months. Each patient was care- 
fully questioned and observed regard- 
ing any symptoms or signs of toxicity, 
such as headache, rash, nausea, drowsi- 
ness, hematuria, ete. 

Sulfonamide blood levels were deter- 
mined in whole blood twice weekly for 
5 to 13 
one group this was done at 1 and 5 
days, and in the other group at 1 and 
7 days. Mean blood levels and their 


weeks after each oral dose. In 


range were sampled therefore at 1, 5, 
and 7 days after each weekly dose for 
a period of from 5 to 13 weeks (Table 
i}. free 
sulfonamide, caleulated as sulfameth- 


The blood concentration of 


oxypyridazine, was determined by the 
method of Bratton and Marshall.® 
The following laboratory tests were 
performed at each visit during the first 
two months of the study: urinalysis, 
complete blood count, throat cultures, 
antistreptolysin O titers, and blood sul- 
fonamide level. Swabs of the throat 


were inoculated direetly onto 5 per 
cent sheep’s blood agar and were incu- 
*Children’s Memorial Hospital, Chicago, Ill. 
tNorthwestern University Medical Clinics, 
Chicago, 
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37° C. for isolation 


of beta hemolytic streptococci. 


bated overnight at 
Hemo- 
lvtie streptococci were classified as to 
serologic group and type by standard 
methods."’ Erythrocyte sedimentation 
(ESR) were measured by the 
Wintrobe. the 
presence of C-reactive protein (CRP) 


rates 
method of Tests for 
were carried out by the method of An- 
derson and MeCarty."' Determinations 
of the serum titer of antistreptolysin 
O were made by the method of Rantz 
Randall," 


tions. Changes in the level of a specific 


and with minor modifica- 


antibody were confirmed by testing 
stored serum samples which were ob- 
tained serially from the same patient 
and simultaneously on the same day. 
two dilution 


ments in the antistreptolysin O tests 


A rise in titer of inere- 


was considered significant. 
RESULTS 
Observations were completed on 30 


total of 247-patient 
The mean follow-up period 


patients for a 
months. 
was 11 months. Fourteen patients 
were followed on this regimen for more 
than 1 year and 12 for less than 6 
months. Nine patients reeeived 2 Gm. 
of sulfamethoxypyridazine once weekly 
and 21 received 3 Gm. 


Blood blood 


levels determined at 1, 5, and 7 days 


Levels.—Sulfonamide 


after each weekly dose in the same 
group of 21 patients are illustrated in 
Table I. Of 24 patients studied at 24 
hours after drug administration, all 
had measurable blood levels each week 
they were studied. These levels ranged 
from 7 to 24 mg. per cent with a mean 
24-hour level of 14.2 mg. per cent. Of 
12 patients studied at 5 days after each 
had 
The 


mean sulfonamide level at 5 days was 


weekly dose, all but 1 
measurable 


patient 


sulfonamide levels. 
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2.8 mg. per cent, with a range of from 
0 to 5.9 per cent. Of twelve studied 
at 7 days, observations were made on 
57 blood samples. Twenty-one of the 
57 determinations showed measurable 
levels (greater than 0.5 mg. per cent). 
The mean was 0.7 mg. per cent. An 
additional 21 determinations showed 
traces of sulfonamides which could not 
be measured accurately. Seven deter- 
minations showed no detectable sulfon- 
amide. 

There were no indications that the 
levels were cumulative in any patient 
during the period they were given. By 
the twelfth week of the study, the lev- 
els determined at 1, 5, and 7 days were 
no greater than those measured during 
the first week of the study. 


TABLE II. 


Patient Statistics: 
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Toxicity.__No side effeets were ob 
served in the 9 patients receiving 2 
(im. daily. In the group receiving 3 
(im. of Kynex weekly, drowsiness and 
headache were the only significant side 
reactions. Eight of the patients re- 
ported drowsiness and 3 complained of 
a headache which began a few hours 
after their dose. One adult patient 
complained of headache and drowsiness 
on two consecutive visits, and the drug 
was discontinued at the patient’s re- 
In the other 7 patients the time 
the drug was 


quest. 
of administration of 
changed from morning to bedtime. 
Subsequently, no drowsiness was noted 
by any patient the following morning. 
One patient developed a faint macular 


rash which appeared on the extremities 


SUMMARY OF KYNEX STUDY 


I 

Total number of patients followed 30 

Total number of patient months observations were made 247 
Average patient years 20 

Il. Age: 

6-10 years 5 

10-15 years 8 

16-20 years 1] 

6 


20 years 


Ill. Kynex dosage: 


2 Gm. once weekly (under 100 pounds) 
3 Gm, once weekly (over 100 pounds) 


9 (patients) 
21 (patients) 


IV. Kynex Blood Levels During First 5 to 18 Weeks: 


A. Total number of patients tested 


B. Number of patients with blood levels tested at: 


3-4 hours 2/2* 
24 hours 15/15 
5 days 11/11 
7 days 16/16 
V. Toxicity to Kynex: 
Number of patients with clinical symptoms 10 
Drowsiness 8 
Headache 3 
Abnormal CBC and urinalysis 0 
Transient rash l 
VI. Streptococcal Infections Acquired During Kynex Study: 
Positive group A throat culture 0 
ASO rise (significant) 3 
ASO rise (questionable) 3 
Clinical symptoms of sore throat 0 





tor equals number listed. 


*Numerator equals the number of patients with detectable sulfonamide levels. 


Denomina- 
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approximately 8 hours after ingestion 
of the drug and disappeared in 24 
was diseontinued for 


hours. Kynex 


one week. Readministration of sulfa- 
methoxypyridazine produced no fur- 
ther rash or other side effects for the 
subsequent 9-month period. 


There were no significant variations 


in the hemoglobin and white blood 
counts made routinely during the first 
15 weeks, and there were no hemor- 


rhagic manifestations. Urinalyses were 
unremarkable throughout the study. 


Incidence of Streptococcal Infee- 


fion.—During the 247-patient months 
of this study, no patient was found to 
have aequired group A_ streptococcus 
organisms in their throat. Two patients 
were found to be earrving group A 
streptococci on admission to the study. 
Following eradication of the organisms 
with a single injection of 1.2 million 
units of benzathine penicillin intramus- 
regimen of oral 


cularly, the weekly 


Kynex initiated, and no subse- 


quent positive throat cultures were en- 


was 
countered. Six patients manifested a 
rise greater than 0.2 in the logarithm 
of the titer of antistreptolysin O dur- 
ing the course of the study; of these, 3 
had a rise which did not exceed a titer 
The fourth 


patient had an antistreptolysin O rise 


of 125 units per milliliter. 


from less than 50 up to 200 units; the 
fifth patient had a rise of from 125 to 
625 units; the sixth patient had a rise 
from less than 50 units up to 250 units. 
recurrences of rheu- 


There were ho 


matie fever. 
DISCUSSION 
The observations re- 


ported here encourage more extensive 


preliminary 


exploration of the use of weekly doses 


of Kynex as a prophylactic regimen in 
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OF 
rheumatie fever patients. The lack of 
significant toxicity or of drug accumu- 
lation over these prolonged periods of 
administration suggest that the regi- 
men may be sufficiently sate for more 
extensive trial, and this view is sup- 
ported by the low toxicity reported by 
others.® Lepper, Simon, «nd 
Marienfeld® studied a group of 38 chil- 
from rheumatic 


6 13, 14 


dren convalescing 
fever who received Kynex once weekly 
in a 30 per kilogram. 


Twenty-eight of the patients lived in 


dose of me. 
the protected environment of a conva- 
lescent home. Measurable sulfonamide 
blood levels of 1.8 mg. per cent were 
obtained 7 days after a weekly dose. 
The drug was well tolerated. Several 
patients had transitory headaches, but 
this effect disappeared with later doses. 
It was not necessary to discontinue the 
drug in any patient because of toxicity. 
In this group of patients the low risk 
of contact with streptococcal disease 
the 
against streptococeal infection difficult. 


made evaluation of protection 

In a well-controlled study Schultz 
and Frank’ reported signifieant pro- 
tection against streptococcal infections 
following the administration of a sin- 
gle weekly dose of sulfamethoxypyri- 
dazine for mass prophylaxis during a 
streptococcal epidemic. 

The observations made on the inei- 
dence of streptococeal infection in the 
present study were only incidental to 
the main purposes, namely, determina- 
tion of tolerance and of blood levels. 
The relative effectiveness of this regi- 
men in preventing streptococcal disease 
cannot be appraised without an exten- 
sive comparison with matched groups 
of patients who received one of the eon- 
ventional daily oral sulfonamide regi- 


mens. 
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Finally, the extensive use of other 
sulfonamides has been attended by oe- 
casional serious reactions, and Kynex 
appears to be no exception. Thus, focal 
hepatitis,’® leukopenia, and thromboey- 
topenia’® have been observed. Usually, 
however, these have occurred with 
much larger doses than those employed 
in this study. Extensive prophylactic 
use of this compound should not yet be 
undertaken, in our opinion, without 
adequate facilities for careful follow- 
up observations and appropriate lab- 


oratory studies. 


SUMMARY 


Sulfamethoxypyridazine (Kynex) 
was given once weekly in a single large 
oral dose to 30 patients for 247-patient 
months. The drug was well tolerated 
by all patients with the exception of 
occasional mild and transient side re- 
actions of drowsiness and headaches. 
These observations warrant extension 
of the use of single oral weekly doses 
of sulfamethoxypyridazine to a larger 
number of rheumatie fever patients 
and comparison with similar patients 
receiving conventional daily oral pro- 
phylaetie regimens. 

We are indebted to Mrs. Margaret Paine, 
R.N., for clinical and nursing services and to 
Mr. Stanley Kusy for technical laboratory 


assistance, 
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INTRAVENOUS CHLORAMPHENICOL IN SERIOUSLY ILL INFANTS 
AND CHILDREN 


B. M. Kagan, M.D., AND Natauia FeELIx-BaLkcom, M.D. 
Los ANGELES, CALIF. 


ILE purpose of this study was to 
f prenctins intravenous chloramphen- 
icol in pediatrie practice with particu- 
lar reference to clinical effectiveness, 
patient's tolerance, side effects, and 
toxicity. 
In treatment of severe infections it 
to obtain effective blood 


and tissue levels as rapidly as practi- 


is desirable 


eable. High chloramphenicol blood 
levels are obtained within 5 minutes’ 
after intravenous injection. Peak 


levels after oral or intramuscular ad- 
ministration of comparable doses are 
obtained only after 144 to 2 hours.’* 
Serum levels 3 hours after intravenous 
injection are slightly higher than after 
12 and 24 


hours they are about twice as high as 


the same oral doses. At 
those after the same single oral dose. 
After comparable doses of intramus- 
cular chloramphenicol, serum levels do 
not appear to be adequate for therapy 
infeetions in older ehildren 
Within the near future, 
it is expected that a new form, chlo- 


of some 
and adults. 
will be 


acid succinate, 


Experience thus far indi- 


ramphenicol 
available. 
eates that intramuseular administra- 
tion of this form provides consider- 
ably higher serum concentration than 
does the erystalline form generally 
available at present. 

From the Department of Pediatrics, Cedars 
of Lebanon Hospital, Los Angeles, F ‘ 
Michael Reese Hospital, Chicago, Ill, and 
the Department of Pediatrics. University of 
California at Los Angeles School of Medicine 
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The principal objection to intra- 
venous injection has been erystalliza- 
tion of the drug upon its preparation. 
Careful attention to details will regu- 
It is not difficult, 
but it was found to be essential to ad- 
here strictly to the following pro- 
eedure. The intravenous preparation 
called Chloromyeetin Solution is sup- 
plied in 2 ¢.c. ampules each containing 
500 mg. of chloramphenicol in 50 
per cent aqueous solution of N, N- 
dimethylacetamide. The ampule should 
be warmed to body temperature. We 
have done this by holding the ampule 
in the closed palm of the hand for 3 
or 4 minutes. The contents should be 
withdrawn with a dry syringe and 
needle. Using another dry needle, it 
should be added rapidly to the diluent 
with the tip of the needle under the 
surface of the diluent. Sterile aqueous 
diluent such as physiologie salt solu- 
per cent dextrose solution 
may be used. The diluent should be at 
room temperature. The volume of the 
diluent should be at least 100 c.c. but 
no more than 250 c.c. In order to in- 
ject beneath the surface of the diluent, 
it is best to insert the needle through 
the diaphragm of the upturned bottle 
containing the diluent. The addition 
rapidly as the 


larly avoid this, 


tion or 5 


should be done as 
plunger of the syringe can be pushed 
by hand. This dilute solution must be 


used immediately after preparation. 
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The usual rate of intravenous injec- 
tion is 2 to 5 ee. per minute and 
should not exceed 20 ¢.c. per minute. 


MATERIALS AND METHODS 


One hundred and seven pediatric 
patients were given intravenous chlo- 
ramphenicol. Their ages ranged from 
3 days to 13 years. The diseases ex- 
hibited in this group were: meningitis 
infectious diarrhea (13), 
respiratory tract infection (10), polio- 
myelitis (6), encephalitis (2), miscel- 
laneous infection (5), and noninfee- 
tious diseases (4). 


(67 eases), 


All patients in this study were so ill 
that they could not take oral medica- 
tion. 

Twenty patients received chloram- 
phenicol by intravenous route only. 
The majority (80 patients) received 
the drug by intravenous route first 
and later orally. Four received it in- 
travenously and later intramuscularly 
only and 3 by intravenous and later 
by intramuscular and oral routes. 

The intravenous dosage varied from 
16.5 to 175 mg. (average 69 mg.) per 
kilogram of body weight per day and 
Was given in divided doses. It was 
given every 6 hours in 77 patients, 
and every 12 
In 2 patients it 


every 8 hours in 13, 
hours in 9 patients. 
was given every 8 hours and then 
changed to every 6 hours. In one 
patient it was given every 12 hours 
and then changed to every eight hours. 
Five patients received only one dose 
by the intravenous route. 

The number of intravenous injec- 
tions per patient varied from 1 to 38 
(average 10.5 injections) during a 6- 
hour to 10-day 
The duration of chloramphen- 


including all routes 


period (average 3 
days). 


icol therapy 
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ranged from 6 hours to 24 days (aver- 
age 9.5 days). 

Cultures were taken routinely be- 
fore the start of the therapy, and in 
the majority follow-up eultures were 
obtained. 

Clinieal evaluation was based on 91 
patients, the following were excluded 
4 whose meningitis was later deter- 
mined to be tubereulous; 4 patients 
who have 
noninfectious diseases; 6 with polio- 


were later determined to 


myelitis; 2 with encephalitis. These 
16 patients were included only in the 
study of tolerance, side effeets, and 
toxicity. 

In evaluation of 
the cases were divided into two groups: 


clinical responses 
one given chloramphenicol alone and 
the other given chloramphenicol plus 
one or more other antibacterial agents 
at the same time. Of the 91 patients, 
48 received chloramphenicol alone and 
43 chloramphenicol plus other antibae- 
terial agents. 

The following arbitrary classification 
of response was considered only as a 
means of describing the response and 
not as having statistical significance. 
A patient unim- 
proved if fever persisted or cultures 


was considered 
remained positive or if he remained 
elinieally ill or died during chlo- 
ramphenicol therapy. The patient was 
classed as unimproved if favorable 
clinieal response occurred only after 
chloramphenicol was discontinued and 
another drug started. The responses in 
improved eases were graded excellent, 
good, or fair; excellent when the pa- 
tient became afebrile within 3 days 
of therapy, good when the patient be- 
eame afebrile after 3 days but within 
5 days, and fair when the patient be- 
came afebrile only after 5 days of chlo- 
ramphenicol therapy. 
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RESULTS 








Of the 91 patients evaluated for 
clinical response (Table 1), 76 im- 
proved and 15 were unimproved as 
defined above. Of the latter 15, 7 


Of the improved patients, 46 
22 good, and 


— 


died. 
had excellent 
8 fair. Of the 76 improved patients, 43 
received chloramphenicol alone and 33 
received chloramphenicol plus other 
drugs simultaneously (Table I). Of 


responses, 


IMPROVED PATIENTS 
CHLORAMPHENICOL 


TABLE I. CLINICAL 
Prorat 
NUMBER 
DISEASES OF CASES ALONE 
Meningitis influenzal HS 27 
Meningococeal t 
Penumococeal 4 
Other types 14 5 
Infeetious diarrhea 3 5 
Respiratory disease 10 i) 
Miscellaneous infection a) ] 
Total 9] 13 
Ficures in parentheses refer to deaths 


the unimproved patients, 5 reeeived 
chloramphenicol alone and 10 received 
chloramphenicol plus other antibacte- 
rial drugs simultaneously. The number 
of days for the improved patients to 
become afebrile after the start of in- 
travenous chloramphenicol ranged 


from + hours to 12 days (average 3 
days 


Hemophilus influenzae type b were 
isolated from the spinal fluid eultures 
of 48 patients. Twenty-four had posi- 
tive blood cultures and one had a posi- 
tive nasopharyngeal culture for this 
organism. The follow-up cultures were 
collected from 14 hours to 21 days 
after onset of therapy. Of these, there 
were 29 spinal fluid, 4 blood, and & 
nasopharyngeal cultures. <All of the 


first two were sterile and all of the 
last were negative for this organism. 
Korty of these patients improved 


(93 per cent) and 3 died. Of the 40 
improved patients, 23 had an excellent 


response, 12 good, and 5 fair. Thir- 


teen of the improved patients received 
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chloramphenicol plus other antibaete- 
rial drugs simultaneously. Of the 27 
improved patients who received chlo- 
ramphenicol alone, 17 had an excellent 
response, 8 good, and 2 fair. Of those 
who received chloramphenicol plus 
other antibacterial drugs, 6 had an ex- 
cellent response, 4 good, and 3 fair. 
One of these developed a subdural ef- 
fusion. She had received sulfisoxazole 
and streptomycin together with chlo- 


RESPONSE TO CHLORAMPHENICOL 


UNIMPROVED PATIENTS _ 
CHLORAMPHENICOL 


WITH WITH 
OTHER OTHER 
DRUGS TOTAI ALONE DRUGS TOTAI 
13 +0) 1 «(1) 2 (2 3 (3) 
3 3 l l 
2 (2) 2 (1) 
S 13 l l 
4 sg) 4 2 4 
l 6 =. <3) 2 (2) $ (3) 
} 5 
33 76 5 (2 10 (5) 15 (7) 


ramphenicol. She improved with re- 
peated subdural taps. Two of the - 
who died had had their illnesses for ¢ 
weeks before chloramphenicol was 
started, during which time they re- 
ceived other antibiotics (penicillin and 
oleandomyein in one and penicillin and 
oxytetraeveline in the other). One 
received intravenous chloramphenicol 
for 36 hours before death, and the 
other received it for only 12 hours be- 
fore death together with sulfadiazine 
and penicillin. The third patient who 
died was in moribund condition on 
admission to the hospital. He was sick 
for only 7 hours prior to admission and 
died after only 5 hours’ stay in the 
hospital. During this 5-hour period, 
he received 1 of intravenous 
chloramphenicol and 1 dose of st repto- 


> 
, 
> 
) 


dose 


myein and 2 of penicillin intramus- 
eularly. 

Neisseria imtracellularis were _ iso- 
lated from the spinal fluid of 3. pa- 
tients and were identified only by 


direet smear of the spinal fluid in 1 
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patient. The latter had received 2 
doses of penicillin prior to examina- 
tion. <All of patients were 
treated with chloramphenicol in com- 
bination with other antibacterial 
agents. Three responded excellently. 
A 3-month-old boy with this disease 
was classified as unimproved, having 
become afebrile only after another 
antibacterial agent was used. He was 
simultaneously given a combination 
of streptomycin, chloramphenicol, and 
sulfadiazine. The organism was sensi- 
tive in vitro to both chloramphenicol 
and penicillin. Ile was given 62 mg. 
per kilogram of body weight per day 
of intravenous chloramphenicol in 4 
equally divided daily doses every 6 
hours for 3 days, and then a small 
oral dose of 82 mg. per kilogram of 
hody weight per day for 2 days. Fe- 
ver and bulging fontanel persisted 
although the spinal fluid culture ob- 
tained on the fourth day of therapy 
was sterile. Subdural taps done on 
the fifth day of therapy were negative. 
Streptomycin was given for only one 
day. Chloramphenicol was discon- 
tinued on the fifth day, and sulfadia- 
zine continued for a total of twelve 


these 


days. Two days after discontinuance 
of chloramphenicol, penicillin was 
given. He beeame afebrile 9 days 


later and appears to have recovered 
completely. The reason for persist- 
ence of fever was not determined. 
Pneumocoeceus group E, type 19 
were isolated from the spinal fluid of 
two patients. Neither responded to 
chloramphenicol. One, a 1014-year-old 
boy, was treated with chloramphenicol 
and penicillin for 5 and 15 days, re- 
spectively. The organism was sensi- 
tive in vitro to penicillin and moder- 
ately sensitive to chloramphenicol. 
Chloramphenicol was given intrave- 
nously in a dosage of 63 mg. per 
kilogram of body weight per day in 4 
equally divided doses every 6 hours. 
This treatment was continued intra- 
museularly for 4 days and by mouth 
for 1 day. Temperature became 
normal within 2 days and remained 
normal for 3 days. However, while 
still reeeiving this combination of 
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chloramphenicol and penicillin, the 
patient developed a fever. On_ the 
sixth day after the start of  ther- 


apy, the spinal fluid revealed gram- 
variable cocci which did not grow in 
eulture. Chloramphenicol was dis- 
continued and sulfadiazine started. 
The patient responded excellently and 
his temperature became normal 1 day 
later. The other patient had been ill 
for one week and died after only 12 
hours in the hospital. During these 
12 hours, she was given intravenous 
chloramphenicol and penicillin 
and streptomycin. 

Fourteen patients had other types 
of meningitis. Salmonella typhimu- 
rium were isolated from the spinal 
fluid, blood, and stool of 1 patient. 
Nonhemolytie streptococci were isolated 
from the spinal fluid of another. 
Eleven patients had purulent spinal 
fluid but sterile cultures. Of the lat- 


ter 11, gram-negative rods (2 


also 


Cases ) 


and gram-positive bacilli (1 case) 
were found on direct smear of the 
spinal fluid. Seven of these 11 pa- 
tients (including 1 with a_ positive 


smear for gram-negative rods) re- 
ecived other antibacterial drugs be- 
fore examination. These drugs were 
sulfisoxazole, streptomycin, oxytetra- 
cyeline, or sulfadiazine. Four of these 
11 patients had reeeived no other 
antibacterial agents before examina- 
tion. One patient had mumps me- 
ningoencephalitis.° Thirteen of the 14 
patients improved (Table 1). Seven 
had an excellent response and 6 good. 
Five of the improved patients received 
chloramphenicol alone and 8 received 
chloramphenicol plus other antibae- 
terial drugs. 

One of these patients did not re- 
spond. This 7-week-old boy had a 
severe nonhemolytie streptococeal 
meningitis. Symptoms began 12 hours 
before examination. The organism 
was sensitive in vitro to 0.15 pg per 
milliliter of chlortetracyeline, 0.15 
Oxford unit per milliliter of penicil- 
lin, and 2 »g per milliliter of chlo- 
ramphenicol. He was given chloram- 
phenicol intravenously for 3. days, 
sulfadiazine intravenously for 1 day, 
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subcutaneously for 5 days, and orally 
for 10 days, and procaine penicillin 
intramuseularly for 16 days. The in- 
travenous dosage of chloramphenicol 
was 110 mg. per kilogram of body 
weight per day divided into 2 doses 
viven at 12-hour intervals. <A sub- 
dural effusion on the left side was 
found on the third day of therapy, at 
which time chloramphenicol was 
stopped. Subdural fluid was sterile. 
Ile gradually improved but.strabismus 
persisted. During the next 6 months 
he developed convulsions, and he ap- 
peared to be retarded. 

Stool cultures were obtained from 
each of the 18 patients with ‘‘clini- 
cally” infectious diarrhea before start- 
ing chloramphenicol therapy. One 
vielded Salmonella typhimurium, 2 
Shigella flexneri IV boyd 103, 3 
Pseudomonas aeruginosa, 2 Proteus 
mirabilis, 1 Proteus morgani, 1 para- 


colon, and 3 were not revealing. The 
blood eulture of the patient with 
Salmonella was positive for the same 


organism. Of the 9 patients who im- 
proved, 6 had an excellent response, 2 
good, and 1 fair (Table I). The or- 
ganisms in the improved patients were 
Shigella (2 eases) and Salmonella, 
Proteus morganit, Proteus mirabilis, 
and paracolon, one each. The patients 
with Shigella and Salmonella infection 
improved rapidly with chloramphen- 
icol alone. Within 9 days of therapy, 
the stool culture of one of the patients 
with Proteus mirabilis dropped from 
SO to 10 per cent concentration of the 
feeal flora. The infant also improved 
rapidly eliniecally. The stool culture 
of the 4 patients who did not improve 
showed Pseudomonas aeruginosa in 3 
and Proteus mirabilis in 1. 

The 10 respiratory tract infections 


were in the form of pneumonia (9 
eases) and laryngotracheobronchitis 
(1 ease). The initial nasopharyngeal 


cultures showed as predominant or- 
ganisms: Micrococcus pyogenes var. 
aureus in 6 patients, including the 


laryngotracheobronchitis, a mixture of 
Vicrococcus pyogenes var. aureus and 
pneumocoeci in 1, a mixture of Pseudo- 
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monas aeruginosa and Proteus mirab- 
ilis in 1, eoli aerogenes in 1 patient, 
and common nonspecific organisms in 
1. Blood cultures in all were sterile. 
Five of the 6 improved patients were 
treated with chloramphenicol alone 
(Table 1). 

Of the 4 unimproved patients, 3 
died (Table II). One 21-month-old 
girl had lobar pneumonia for 6 days 
and had not responded to penicillin. 
Micrococcus pyogenes var. aureus was 
isolated in pure culture from the naso- 
pharynx. The organism was sensitive 
in vitro to chloramphenicol. Seventy 
milligrams of chloramphenicol per 
kilogram of body weight was given in 
4 equally divided doses for 4 days. 
The child did not respond and the 
drug was discontinued. Chlortetraey- 
cline was then given with an excellent 
response. 

All of the 5 patients with miscel- 
laneous infections improved (Table I). 
They had: (1) orbital cellulitis see- 
ondary to sinusitis; (2) aphtaous sto- 
matitis with follicular tonsillitis, with 
an almost pure bacterial culture of 
Micrococcus pyogenes var. aureus; (3) 
superficial gangrene of cut-down site 
in a child with septicemia due to 
Micrococcus pyogenes var. aureus; (4) 
appendicial abscess; and (5) cellulitis 
with secondary ulceration of the chest 
wall. Micrococcus pyogenes var. au- 
reus was obtained in pure culture from 
the drainage of the latter patient’s 
wound. Four received other antibae- 
terial drugs which may have contrib- 
uted to the outcome. 


DEATHS 


Seven of the 91 patients who were 
subjected to clinical evaluation died. 
They had hemophilus influenzal men- 
ingitis (3 eases), pneumococeal menin- 
gitis (1 ease), and bronchopneumonia 
(3 eases) (Table II). The first 5 eases 
received chloramphenicol for less than 
36 hours before death. The sixth had 
severe cerebral palsy and_ broncho- 
pneumonia and had been ill before ad- 
mission for an undeterminable time. 
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The seventh case was that of a 6- 
year-old girl who had had _ broncho- 
pneumonia for 8 days. During this 
time, she did not respond to oxytetra- 
eycline, which was started on the see- 
ond day of the illness and given for 3 
days, followed by erythromycin and 
streptomycin given in combination for 
3 days, and penicillin and streptomy- 
ein given in combination for 1 day. 
On the ninth day of illness, she de- 
veloped myocarditis and heart failure. 
She was digitalized and given suppor- 
tive treatment. A blood culture taken 
on the sixth day of illness was sterile, 
and only coli aerogenes were found in 
the nasopharyngeal culture. On the 
ninth day when heart failure was first 
noted, she was given intravenous chlo- 
ramphenicol and intramuscular pro- 
caine penicillin for 3 days, then 
chloramphenicol and sulfisoxazole in 
combination for 4 days. Then she was 
given chloramphenicol alone for 1 day, 
making a total of 8 days of chloram- 
phenicol therapy at a dosage of 44 mg. 
per kilogram of body weight per day 
in divided doses at 6-hour intervals. 
The child did not respond. On the 
fifteenth day of illness, she was mal 
nourished. She bled from the eut-down 
site and from the sites of intramus 
eular injections. The dose of chloram- 
phenicol was reduced to 18 mg. per 
kilogram per day. On the sixteenth 
day of illness, she had gastrointestinal 
bleeding, hemoptysis, and _petechial 
hemorrhages into the skin. The plate- 
let count was 85,000 per eubie milli- 
meter, the red cell count dropped from 
4.0 million to 2.8 million per eubie 
millimeter, and the hemoglobin 
dropped from 12.1 Gm. to 8.6 Gm. per 
cent. The white cell count still showed 
a shift to the left with a total count of 
18,050 and a differential of 96 per cent 
neutrophils and 4 per cent lympho- 
eytes. Moniliasis was noted on the 
thirteenth day of illness. Candida 
albicans were found in the mouth and 
stool. On the eighteenth day of illness, 
though seriously ill, all antibacterial 
drugs were discontinued for 18 days. 
She was given blood transfusions, vita- 
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min K, and gamma globulin. She de- 
veloped urinary infeetion, skin ab- 
scesses, and sepsis due to Micrococcus 
pyogenes var. aureus. After the thirty- 
seventh day of illness, she was given 
various combinations of antibacterial 
agents, erythromycin, bacitracin intra- 
museularly, penicillin, Furadantin, and 
streptomycin, but to no avail. The 
platelet count decreased to 13,000 cu- 
bie millimeters, and the hemoglobin 
dropped to 5.3 Gm. per cent two days 
before death. Bone marrow examina- 
tions were done twice, on the twenty- 
seventh and thirty-seventh days of 
illness. The first examination was 
normal, and the second showed non- 
specific changes such as seen in chronic 
infection, with a moderate increase in 
histiocytes and esosinophils. The gran- 
uloeyte series was normal. On the 
sixtieth day of the illness, the white 
cell count was 13,800 per eubie milli- 
meter, with 85 per cent neutrophils, 4 
per cent lymphocytes, and 11 per cent 
monocytes. On the sixty-fourth day 
of illness, the white cell count dropped 
to 7,000 per ecubie millimeter and on 
the sixty-sixth day of illness to 4,100 
per cubic millimeter. No differential 
was done on these two oceasions. She 
died 78 days after the onset of the ill- 
ness. Autopsy revealed bronchopneu- 
monia with septicopyemie abscesses 
due to Micrococcus pyogenes var. au- 
reus in all internal organs. 


SIDE EFFECTS AND TOXICITY 
Nine of the 107 patients developed 
thrombophlebitis. One was in a patient 
who was given diluted “Chlorampheni- 


col Solution.” 
antibacterial drugs, penicillin and sulfi- 


In two patients other 


soxazole, were given simultaneously 
with chloramphenicol in the same vein. 
Thrombophlebitis developed in 6 pa- 
tients who were apparently given the 
drug as recommended. The duration 
of intravenous chloramphenicol ther- 
apy in these cases ranged from 3 to 5 


days. The thrombophlebitis started 
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within 1 to 5 days of initiation of ther- 
apy and lasted for 3 to 13 days. In 
each instance it was treated with warm 
compresses. No other untoward effect 
was traceable to this reaction. 

Four of the 107 patients developed 
diarrhea while receiving intravenous 
chloramphenicol alone. Five more 
developed diarrhea only after the drug 
was given orally. Five appeared to be 
nonsus- 
ceptible organisms such as Proteus 
and Pseudomonas 
Treatment con- 


related to an overgrowth of 
mirabilis (1 ease) 
aeruginosa (4 eases). 
sisted of either discontinuing chloram- 
antibae- 
In none was it more than 


phenicol or giving another 
terial agent. 
a mild temporary disturbance. 

Only 1 patient 
macular skin rash. 
third day of therapy on the face, neck, 


developed a_ fine, 


It appeared on the 


and in the groin and was present for 
Elixir diphenhydra- 
with 


only one day. 


mine hydroehloride was given 
prompt relief, although chlorampheni- 
col was continued for 9 days. 

Three patients developed hemato- 
logie changes, but their relation to chlo- 
ramphenicol is not clear. A 6-year-old 
girl died with bronchopneumonia and 
multiple abseesses due to Micrococcus 
pyogenes var. aureus. She developed 
thromboeytopenia and anemia. Details 
of this case were discussed previously 


(Table IT). The 


month-old boy with 


second was a 19- 


Hemophilus in- 
fluenzae meningitis. Te was given in 
travenous chloramphenicol in a dosage 
of 127 mg. per kilogram of body weight 
per day divided into 2 doses per day 
at 12-hour intervals for 214 days. He 
had an excellent clinical and baeterio 
logie response. llowever, 36 hours 
after discontinuing the drug the white 
cell from 15,000 to 


count dropped 
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5,150 eubie millimeter, and the 


granulocytes dropped from 62 to 3 
Fifteen days later the white 


per 


per cent. 
cell count was 2,300 per eubie milli- 
meter, with 34 per cent neutrophils, 44 
per cent lymphoeytes, 17 per cent mon- 
oeytes, and others amounting to 5 per 
cent. The bone marrow, hemoglobin, 
red blood cell count, and platelet count 
were normal. The child was otherwise 
clinieally well. The child was signed 
out against advice and no follow-up 
has been possible. The only other 
medication the child had received was 
2 gr. of aspirin twice during the first 
day of hospitalization. 

The third that of a 21- 
month-old girl who was ill for 5 days 


case was 
before admission. She had severe lobar 
pneumonia with eneephalitis, myocar- 
ditis, and left pleural effusion. Begin- 
ning on the sixth day of illness, she re- 
ceived 70 mg. per kilogram of body 
weight per day of intravenous echloram- 
phenicol in 4 equally divided doses for 
4 days. 


tively low before start of chloramphen- 


The white cell count was rela- 


icol therapy; 5,500 per eubie milli- 


meter, with 73 per cent neutrophils, 24 
per cent lymphocytes, and 3 per cent 
monocytes. She was given two trans- 
fusions of whole blood on the sixth and 
another on the seventh day of illness. 
On the eighth day of the illness, the 
white eell count was 2,400 per eubie 
with 38 


phils, 57 per cent lymphoeytes, 4 per 


millimeter, per cent neutro- 
cent monocytes, and 1 per cent eosino- 
phils. On the ninth day of the illness 


without discontinuing chlorampheni- 
col, the white eell count was 4,800 per 
eubie millimeter, with 353 per cent neu- 
trophils, 58 per eent lymphoeytes, and 
9 per cent monoeytes. She was given 


another whole blood transfusion on the 
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tenth day. On the thirteenth day of 
illness, the white cell count and differ- 
ential were normal. The red cell count, 
hemoglobin, and platelet count were 
In addition to chlo- 


ramphenicol she was given 2 gr. of 


never depressed. 


aspirin 3 times in the first 2 days, peni- 
cillin for 1 day, and streptomyein for 
13 days. - A 

There were no other side effects or 
toxicity. In particular there was no 
fall in blood pressure and no abnormal 
neurologie manifestations. 

DISCUSSION 

When oral administration is not pos- 
sible, intravenous administration of 
chloramphenicol is practical. The drug 
appears to be at least as effective when 
given in this manner as when given 
The intravenous route should 
be discontinued in favor of the oral 


orally. 


when the patient’s condition permits. 
The recommended dose of intravenous 
chloramphenicol for infants and chil- 
dren is 15 to 20 mg. per kilogram of 
body weight every 6 hours (60 to 80 
mg. per kilogram of body weight per 
day). ® Other studies' indicate that 
this dosage provides blood levels thera- 
peutically adequate for treating seri- 
ously ill children with susceptible in- 
feetions. 

In our series of 438 patients with 
Hemophilis influenzae meningitis, 29 
received chloramphenicol alone. All of 
these recovered. Fourteen received 
chloramphenicol with other antibioties. 
Of these, 3 died. These 3 patients re- 
ceived chloramphenicol for 36 hours or 
less. Two received chloramphenicol 
for the first time 3 weeks after the on- 
set of the disease. One died 12 hours 
and the second 36 hours after chloram- 


phenicol was started. The course of 
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the third patient was remarkable in 
that he was ill for only 7 hours and 
yet was moribund on admission. The 
patient was given penicillin, strepto- 
myein, and chloramphenicol but died 
within 5 hours after admission. 

Response to treatment with chloram- 
phenicol in other seriously ill patients 
infected with susceptible organisms 
was subjectively impressive, but no ob- 
jective evaluation is attempted other 
than to describe the cases briefly. 

Blood dyserasia (aplastic anemia, 
thromboeytopenie purpura, granuloey- 
topenia, and pancytopenia) has been 
reported with the use of chlorampheni- 
eol.**° In this study two patients de- 
veloped transient granulocytopenia. 
Either or both of these may have been 
due to the infection itself as well as to 
the chloramphenicol. One patient who 
developed thrombocytopenie purpura 
was very sick before being treated. 
She also received other antibacterial 
agents, a sulfonamide, aspirin, and bar- 
biturates. She also developed serious 
complications, namely, cardiac failure, 
urinary infection, multiple abscesses, 
septicemia, and moniliasis. It is par- 
ticularly diffieult to assess the role of 
chloramphenicol in the hematologie dis- 
turbance of such a case. 

The most common complication 
clearly due to intravenous chloram- 
phenicol was thrombophlebitis. It de- 
veloped in 6 cases and responded well 
in each instance to warm compresses. 


SUMMARY 


One hundred and seven seriously ill 
pediatric patients were treated with 
intravenous chloramphenicol. The clin- 
ical responses were evaluated in 91. 
Sixteen others were included for study 
of tolerance, side effects, and toxicity. 





noe ato 
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These 16 had illnesses that could not 
be expected to be influenced by the 
drug. In the majority treatment was 
continued with oral chloramphenicol as 
soon as the patient’s condition per- 
mitted. A few also received the drug 
intramuscularly. Of the 91 patients, 
76 improved and 15 did not respond to 
chloramphenicol. Of the latter, 7 died. 
These were discussed in some detail. 
The average duration of fever after 
the start of intravenous chloramphen- 
icol in the improved patients was 3 
days. The average dosage of intra- 
venous chloramphenicol was 68 mg. per 
kilogram of body weight per day given 
To the majority it 
was given every 6 hours. The average 
total duration of intravenous adminis- 
tration was 3 days. The currently 
recommended intravenous dose is 15 to 
20 mg. per kilogram of body weight 
every 6 hours (or 60 to 80 mg. per 
kilogram of body weight per day). 
Except for one patient, the side reac- 
tions and toxie reactions were mild and 
transient. The most common was 
thrombophlebitis. To minimize this, 
special care must be exercised in prep- 
aration of the “Chloramphenicol Solu- 
tion” for intravenous use. This proce- 
dure is deseribed with emphasis upon 
the important details. Diarrhea, skin 
rash, and transient granuloecytopenia 
also occurred in a few eases. One child 
already critically ill and malnourished 
developed thrombocytopenia and ane- 
mia. This patient also received other 
drugs, some of which we have been re- 


in divided doses. 


ported to cause similar reactions. At 
autopsy, abscesses due to Micrococcus 
pyogenes var. aureus were found in all 
the internal organs. The role of the 
infection itself in causing bone marrow 
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depression in such a ease is difficult to 
evaluate. 

It apears that intravenous chloram- 
phenicol is therapeutically effeetive in 


infeetions in which there are indiea- 


tions for this drug. It is relatively 
very well tolerated and is an important 
addition to the therapeutic regimen in 
seriously ill patients until such time 
that the drug ean be taken orally. 


We are indebted to Parke, Davis & Com 
pany, Detroit, Mich., for generous supplies of 


‘*Chloromycetin Solution.’ 
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ERYTHROBLASTOSIS 


HE rare blood factor rh*(C*) was 

found in 1945 by Callender, Race, 
and Payecock' as a result of the investi- 
gation of a hemolytic transfusion reac- 
tion. The first instance of erythroblas- 
tosis fetalis attributable to this factor 
was reported by Lawler and van Log- 
hem? in 1947. Since then a number of 
additional case reports have appeared 
Inasmuch as the in- 
rh” \ CY) 
per cent in Caueasoids and none in Ne- 


in the literature. 


cidenee of factor is low (5 
groes and Chinese’) and since this fae- 
tor is not looked for routinely because 
of seareity of antiserum of satisfactory 
poteney, it is felt that instances of sen- 
sitization to the factor should be re- 


eorded. 


FETALIS ¢ 
FACTOR rh*(C*) 
JacoB GEIGER, M.D. 
New York, N. Y. 


‘AUSED BY SENSITIZATION TO 


pregnancy. Iler first child had died a 
few hours after birth as a result of 
trauma. There were five living chil- 
dren. None had shown jaundice at 
birth, but on questioning we learned 
that the fifth and sixth child were 
anemie and “sickly” during their first 
two or three years. 

In 1955 she underwent a cholecys- 
teetomy, and during the operation re- 
ceived a blood transfusion with no re- 
action. An attempt to locate the donor 
was unsuccessful. She has not reeeived 
any blood since then. 

On November 12 she spontaneously 
delivered an apparently normal child 
weighing 6 pounds, 9 ounces. 

The mother’s blood type was _ re- 
ported as O, Rh,Rh, (CDe/eDE). The 
cord blood of the baby was found to 
be group O, type Rh, (CDe/ede), and 


TABLE I* 


O-A-B ! M-N KELI 
BLOOD OF GROUP rYPeE TYPE 
Father Oo N 
Mother oO M K 
Baby Oo MN K 


The mother’s contained an rh*¥ 


serum 


positive 2 
positive 44 


agglutination method 
antiglobulin method 
The incompatible donor selected among 50 
RhiYrh (C¥De/cde). 
*Dr. A. S. Wiener performed the 
CASE REPORT 
J. F., a white 36-year-old para vi, 
gravida vii, was admitted to the ob 
stetrie service of Lenox Hill Hospital 
on Noy. 9, 1957. This was her seventh 
Rank of Lenox Hill Hos- 
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pital 
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antibody 


tests on the 


P | DUFFY — Rh-Hr 
TYPE TYPE TYPE 
Rh,¥rh (CwDe/cde) 
P Fya Rh,Rh, (CDe/eDE) 
P Fya Rh,¥Rh, (CwDe/CDe) 
with titers 
units; 
units. 
prospective donors belonged to group O, MN, 
blood samples 
the direct antiglobulin test was 
strongly positive. (This test is rou- 


tinely performed on the cord blood of 
every newborn infant at this hospital.) 

Results of the antiglobulin test were 
promptly reported to the obstetrical 
and pediatric services, and fresh speci- 
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mens of blood of both mother and baby made available promptly. Tests of the 
were requested for further study. A mother’s serum were carried out 
specimen of the father’s blood was also against cells of the father, the baby, 
TABLE II 
Rh, rh’ rh” rhw hr’ hr” 
BLOOD OF GROUP D (C) E Cw) c (e@) | Rh-hr TYPE 
Father O t + + + : Rh,¥rh (CwDe/ede) 
Mother O + + + - - + Rh, Rh, (CDe/eDE) 
Child 2 O + + - + + Rhyrh (CDe/ede) 
Child 3 O + : - + + - Rh,*rh (CwDe/ede) 
Child 4 oO + + - : Rh,Rh, (CDe/CDe) 
Child 5 O ' , + , Rh,¥Rh, (CwDe/CDe) 
Child 6 oO : - - + - Rh,*¥Rh, (CwDe/CDe) ¢ 
Child 7 O + : . : t Rh,*rh (CwDe/ede) 
TABLE ILI 
| RED 
BLOOD | 
HEMO- | CELL |RETICU-|} 
GLOBIN | COUNT | LOCYTE DIRECT 
GM. PER 1 MIL-| (PER BILIRUBIN | ANTI TRANS- 
DAY 100 c.c.) | LION) CENT) | DIRECT | TOTAL |GLOBULIN| FUSED | CLINICAL NOTES 
l 12.32 3.62 0.S 4.3 3+ Hematoerit 25; 
slight jaundice 
and pallor : 
2 A.M. 10.7 2 82 3.8 1.1 1.4 Slightly more jaun- 
diced and pale y 
P.M. 11.3 3.46 Spleen moderately 
enlarged 
3AM. 116 2.88 1.1 ' 
P.M. 11.9 3.00 0.7 3.f 
4 9.4 2.41 0.7 4.1 
5 8.8 2.40 0.7 t.1 80c.c. Infant very pale; 
hemoglobin drop- 
ping 
6 12.8 3.98 
; 
7 11.3 3.7 
8 10.9 3.21 4 
9 Weekly 
positive 
10 10.9 3.26 
11 10.0 3.64 
12 8.5 2.85 
13 80 e.e. 
14 $2.3 1.40 
15 11.2 Discharged 
13 7.3 2.72 0.9 Negative S80c¢.c. Readmitted for 
transfusion 
58 10.9 05 
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and a panel of cells of known groups. 
There was strong agglutination of the 
father’s and the baby’s cells and none 
with any of the cells from the panel. 
The serum was then tested against 
samples of fifty group O, Rh positive 
bloods (in Blood Transfusion Associa- 
tion laboratories) and only one speci- 
men showed agglutination. As will be 
seen in Table I, father, mother, and 
baby were group O, Rh positive. 

We then submitted the specimen to 
Dr. A. S. Wiener for further study. 
Ife confirmed our results and identified 
the factor involved as rh¥(C*). With 
the cooperation of the pediatrie serv- 
ice, blood samples of the siblings were 
obtained and tested in Dr. Wiener’s 
and in our own laboratory. The results 
were the same in both and are listed in 
Table II. The baby was reported to be 
slightly jaundiced and not too pale at 
birth. Because of a progressive ane- 
mia, the child was given two transfu- 
sions of whole blood during his stay in 
the hospital. The baby was discharged 
fifteenth but 


on the day, was re- 
admitted for a third transfusion a 
month later. The elinieal course is 


charted in Table III. 
DISCUSSION 

The case reported here presents a 

number of interesting features worthy 

We 


with a seventh ehild of the same blood 


of discussion. were confronted 
group and apparently the same Rh 
type as both parents, yet the baby’s 
cells gave a strongly positive direct 
antiglobulin test. But for this latter 
finding, this child might not have been 
followed as closely nor the sensitization 
to a rare factor been discovered. 

We believe that our routine proce- 
dure of testing cord bloods of all new- 
born infants proves its value in this 


It is our feeling, borne out 
that 


come to our attention, that not enough 


instanee. 


in a number of instanees have 
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significance is attached to the finding 
of a positive antiglobulin test in the 
absence of classical clinical signs of 
erythroblastosis fetalis. 

Often, the principal indication for 
exchange transfusion is an elevated 
serum bilirubin and/or clinical jaun- 
dice. Many of these infants require 
multiple transfusions, each with its 
usual risks, and have a prolonged hos- 
pital stay. A positive direct antiglob- 
ulin test on cord blood, demonstration 
of an antibody in the mother’s serum 
reacting with the cells of the baby and 
the father and a 


moderate anemia on the first or second 


(when available), 
day may also be considered indication 
for an exchange transfusion. The baby 
in this instance showed an anemia on 
its twenty-eighth day, despite the two 
small transfusions which had been ad- 
ministered, so that a third transfusion 
Allen and Diamond‘ 
“conservative indica- 


had to be given. 
list anemia as a 
tion for exchange transfusion.” 


SUMMARY 


A ease of erythroblastosis fetalis 
caused by sensitization to the rare fae- 
tor rh*(C*) in a seventh child is pre- 
sented. This factor was present in the 
blood of the father and the third, fifth, 
and sixth child born to the mother, 
and to the seventh child discussed in 
this report. The significance of a posi- 
tive direct antiglobulin test on cord 
blood and the value of routinely per- 
forming this test on blood of all new- 
born infants is emphasized. 

I wish to thank Dr. A. F. Anderson, Dr. 
Irwin P. Sobel, and Dr. J. C. Kilroe for their 
kind cooperation, Dr. A. 8S, Wiener for his 
collaboration, and Muriel Lerch for technical 


assistance, 
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Voodoo Dolls Have Hex 


An attractive voodoo doll, imported from Haiti, has recently caused concern because 
of its toxic properties. The head of the doll is a cashew nut, the shell of which has been 
earved to form a face. As a result of cutting into the shell, the cashew nut oil seeps onto 
the shell’s surface and its phenol-quality can cause a severe contact dermatitis. 

In addition, the eyes of this doll are extremely toxic jequirity beans. These beans, 
which are seeds of the tropical plant Abrus precatorius L., contain the toxie albumin, 
abrin. Although, because of its hard coat, the whole seed may be swallowed with impunity, 
ingestion of the chewed bean produces a clinical picture which is similar to, but more severe 
than, castor bean poisoning. 

Various reports of the toxicity of the seed list one-half a chewed seed as capable of 
causing symptoms of poisoning and one chewed seed as capable of causing death in man. 
Since abrin is slowly absorbed from the gastrointestinal tract, a delay of one to three days fol 
lowing ingestion occurs before onset of marked vomiting and diarrhea, which may lead to col 
lapse and death. Treatment includes immediate emptying of the stomach following ingestion, 
and supportive and symptomatic measures directed toward maintenance of hydration and 
circulation. 


Quantities of such voodoo dolls were imported from Haiti in the form of mixed-drink 





stirring rods—each cashew nut head being mounted on a 6-inch wooden stirring rod. More 
recently, cashew nut heads were found being used as decorations on children’s straw 
slippers. We have reports of these stirring rods and slippers being sold in Atlanta, Cin- 
cinnati, and Washington, D. C. Undoubtedly they have been sold in other areas in the 
U.S.A. 


Importation of these dolls has supposedly been halted. 
From the National Clearinghouse for Poison Control Centers 


of the U. S. Public Health Service, January, 1959, communication 


to poison control centers. 











PRIMARY FIBROSARCOMA OF THE LUNG IN A YOUNG CHILD 


A Case TREATED BY LOBECTOMY AND CoBALT THERAPY 


I’. S. Gerpast, M.D., A. M. Marqitetru, M.D., ComMAanper (MC), USN, AND 
R. S. Krpuer, M.D. 
Derroit, Micu. 


RIMARY fibrosarcoma of the on the following day became black 
a relatively and blue. Five days prior to admis- 
‘» sion the patient developed a tempera- 
eek 3 ture of 104° F. rectally. The fever 
such a lesion in a child under 3 years — Geeurred at the same time that the 
of age is still more unusual. Review black and blue blotches were noted. 
of the literature revealed one possible The patient was seen at Fort Me- 
They Arthur, San Pedro, Calif., and given 
*,  terramyein. The fever subsided in 
ee , two days. The patient seemed to be 
of the lung in a 29-month-old child. restless at night and his appetite 
Whether this was a fibrosarcoma or was poor. Three days prior to ad- 
some other type of lesion was not’ mission the parents noted that the 
child seemed to be having some diffi- 
culty breathing. He had also com- 
plained of pain in both feet. He was 
this condition and the lack of re- seen at Fort MeArthur and because 
sponse to early lobectomy and cobalt of the history of dyspnea, an x-ray 
of the chest was taken. The x-ray is 
si aa said to have revealed a “cannon ball” 
pore this cane. lesion in the right chest. The patient 
was referred to the Corona Naval 
Hospital for treatment of the pulmo- 


lung, in general, is 
rare condition. The occurrence of 


case by Rosenblum and Gasul.' 
reported a case of primary sareoma 


stated. 


Beeause of the extreme rarity of 


60 therapy, we are prompted to re- 


CASE REPORT 


L.. T., case 41086, a 2-vear-9-month nary lesion. 
old white boy, was first seen at the Family history and developmental 
U.S. Naval Hospital, Corona, Calif., history were normal. 
on Feb. 27, 1956. The history re- The physical examination revealed 


vealed that ten days prior to admis- a well-developed, well-nourished child 
sion the child had a skin lesion on who appeared to be about 3 years of 
the ankles and feet which appeared age. He was not in acute distress 
to be due to insect bites. The patient but did have a minimal expiratory 
was treated by his loeal physician grunt. He was 37 inches tall. Weight 
with vitamin K, vitamin C, and elixir was 35 pounds. Temperature was 
of Benadryl. In spite of the treat- 102.2° F. rectally. Blood pressure 
ment the rash spread up the legs. was 100/40. Physical examination 
The rash was present on the buttocks was entirely normal except for the 
the next day and the lesion was de- following: There was minimal ec- 
seribed as “large, red welts” whieh c¢hymoses of the left upper eyelid. 

; Small, shotty lvinph nodes were noted 


om "Bl _ Hooaman le troit. ‘Mik h. o e in both axilla. These were nontender. 
Naval Hospital, Chelsea, Mass.; and Depart The skin on the legs, buttoeks, and 
ment of Radiology Carobil Hospital, Nor . 

walk, Calif arms showed numerous petechiae and 
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fresh and old purpurie spots. There 
was a swelling and tenderness of the 
right testicle and spermatic cord, and 
eechymoses of the overlying scretal 
tissue. 

Laboratory findings were fol- 
lows: Three complete blood counts 
were normal as well as platelet counts 
whieh ranged from 352,000 to 374,000. 
The bleeding time was 2 minutes and 


as 


Fig. 1.—A, Preoperative posteroanterior 


mass occupying about one-half of the right hemithorax. 


to occupy the right lower lobe. 


the Lee-White coagulation time was 
normal, A throat culture showed 
normal flora, and a blood culture 
was negative. A blood urea nitrogen 
on March 1 was 14.75 mg. per cent. 
Two urine analyses were normal. 
Bone marrow studies were normal. 

X-rays of the chest taken on Feb. 
24 and 29, 1956, showed a_ well- 
defined, cireular, homogeneous den- 





roentgenogram 
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sity in the lower half of the right 
lung field whieh measured approx 


imately 6 em. in diameter. The bor- 


ders were fairly sharply outlined, 
and the mass was seen in its en- 
tirety in the right lower lobe, It 


was not connected to the diaphragm 
or to the posterior chest wall. The 
right minor fissure and the lower por- 
tion of the major fissure were also 





large 
tumor 


illustrating a 
showing the 


of the chest 
B, Lateral view 


seen as slightly accentuated lines, and 
there was no evidence of atelectasis 
of the middle lobe. There was no 
evidence of compression of the sur- 
rounding pulmonary tissue nor was 
there any displacement of the eardiac 
or mediastinal structures (Fig. 1). 
X-rays of the skull and long bones 
and an intravenous pyelogram were 
normal. 
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On March 1, 1956, the patient was 
afebrile and the purpura appeared 
to be more coalescent and seemed to 
be less extensive. The testicle on the 
right was definitely swollen, but 
there was less swelling of the cord. 
A urological consultant saw the pa- 
tient and felt that the testicular swell- 
ings were most likely due to the pur- 
purie processes. The patient was seen 
by a thoracic surgeon (F.S. G.), who 
noted that there were decreased 
breath sounds and dullness over the 
right lower lung field both anteriorly 
and posteriorly. Nontender, bilateral, 
small cervical nodes were also noted. 
The liver was found to be one finger- 
breadth below the right costal mar- 
gin, but the spleen was not palpable. 
It was the opinion of the surgeon 
that this was a primary neoplasm of 
the lung or a large fluid-filled cyst. 

Exploratory thoracotomy was 
recommended after the purpurie rash 
had eleared. During the next two days 
the purpura did fade. The swelling in 


the right testicle also decreased. One 
week following admission, the pur- 
purie spots had practically disap- 


However, on the following 
day they recurred. A Rumpel-Leede 
test at this date was negative. The 
child was given antibiotics and vita- 
min K, and two days later the rash 
had practically disappeared. 

It was decided that thoracotomy 
should be performed. On March 9 
the patient was taken to the operat- 
ing room and a right parascapular 
incision made. The fifth interspace 
was incised. The pleural space was 
partially obliterated by rather firm 
adhesions between the superior dor- 
sal segment of the right lower lobe 
and the parietal pleura. These ad- 
hesions were divided. A large mass 
was noted oceupying more than half 
of the right lower lobe. This mass 
was completely confined to the right 
lower lobe and was of firm consist- 
eney. The lymph nodes in the hilar 
area were somewhat larger than nor- 
mal and had a brownish hue. The 


peared. 


pulmonary artery going to the right 
lower lobe 


was isolated in the ma- 
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jor fissure and the segmental branches 
ligated and divided. The inferior 
pulmonary vein was isolated, ligated, 
and divided. The bronchus to the 
lower lobe was readily located. The 
superior dorsal segmental bronchus 
was isolated and divided and its stump 
sutured with interrupted 4-0 silk su- 
tures. The lower lobe bronchus dis- 
tal to the superior dorsal segmental 
bronchus was then divided and its 
stump reapproximated with _inter- 
rupted 4-0 silk sutures. <A penicillin 
and streptomycin solution was placed 
in the pleural space and a thoracot- 
omy tube connected to water-sealed 
drainage. The wound was_ then 
closed. 

The pathological report was as fol- 
lows: “The specimen consists of the 
right lower lobe of the lung. Oceu- 
pying the major portion of the strue- 
ture is a tumor mass 6 em. in di- 
ameter, the cut surface of which 
bulges. It is, for the most part, fairly 
soft, uniform gray, and resembles 
lymphoid tissue. The borders of the 
tumor are sharply circumscribed and 
there appears to be a fibrous capsule 
about it. The surrounding lung is 
collapsed. There is no invasion of 
the bronchi or veins. Portions of the 
tumor are hemorrhagic and necrotie. 
A small bronchial lymph node 8 mm. 
in diameter is not invaded by tumor. 
The microseopie sections revealed 
the tumor to be composed of solid 
masses of cells resembling embryonic 
mesenchyme. In some areas these 
cells are stellate and widely spaced, 
while in others they are condensed 
into sheets and nodular masses of 
closely packed spindle cells seen to 
project into the lumen of these vaseu- 
lar spaces and in many instances 
there appears to be no endothelium 
separating the lumen from the tumor 
cells. Mitoses are quite frequent. In 
the sections examined, there is no dif- 
ferentiation of these cells toward 


muscle, cartilage or epithelium. Fre- 
quently there are vacuolated cells 
containing lipoid droplets. The sur- 


rounding lung is compressed appar- 
ently by expansion of the tumor, 
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there is a zone of reactive fibrosis 
forming a capsule about the tumor. 
Toward the hilum the capsule is pen- 
etrated microscopically by masses of 
tumor cells. Two bronchial lymph 
nodes present in the sections are not 
involved by tumor. The final diag- 
nosis was undifferentiated mesenchy- 
mal sarcoma, which suggested its des- 
ignation as an anaplastic fibrosar- 
coma” (Fig. 2). 
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more soundly and was breathing with 
no difficulty. He was able to elevate 
both arms above his head without 
any distress. There was no cough. 
Examination of the patient at this 
time revealed only a slight decrease 
of breath sounds over the right lower 
chest. Several small areas of pete- 
chiae were noted on the flexure sur- 
face of the left knee and also on the 


serotum. 





Fig. 2.—A and B, Photomicrographs of the fibrosarcoma of the lung. A, 
spindle-shaped cells closely packed in sheets and having a 
B, illustrates, under higher power, that the cells 


cytoplasm (X1,060; reduction %). 

These slides as well as a portion 
of the tumor mass were sent to the 
Armed Forces Institute of Pathology, 
which concurred in this opinion. 

The patient’s postoperative course 
was uneventful. On the second post- 
operative day it was noted that his 
purpurie rash had practically disap- 
peared. On the sixth postoperative 
day the patient was discharged from 
the hospital in very good condition. 
Five days after leaving the hospital 
the patient was seen in the outpatient 
clinic. The patient’s parents said 
that the boy had been sleeping much 


B. 
demonstrates the 


mesenchymal appearance (400). 


are pleomorphic and anaplastic with little 


On March 26, eleven days after 
discharge from the hospital, the child 
had no complaints. He weighed 36 
pounds. He was very active about 
the house and had a good appetite. 
Physical examination was essentially 
negative. Laboratory studies on this 
date showed a blood urea nitrogen 
of 20.25 mg. per cent, total protein 
6.85 mg. per cent, albumin 5.1 Gm. 
per cent, and globulin 1.75 Gm. per 
eent. A complete blood count, sedi- 
mentation rate, hematocrit, and uri- 
nalysis were done and these were all 
normal. An adequate platelet count 
was again noted in the blood smear. 
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On April 9 the patient seemed to 


be tiring a little more easily. How- 
ever, physical examination was en- 
tirely normal. X-rays of skull, long 


bones, and chest were taken and these 
were interpreted as normal. 

On August 7, 1956, the patient was 
seen in the outpatient department 
where the parents stated that the boy 
had developed a cough which had not 
subsided with terramycin which had 
been given by his local physician. 
X-rays of the chest were taken at that 
time and it was noted that there was 
a large hilar node and a questionable 
infiltrate in the right upper lobe 
parenchyma. The child had not lost 
weight and had developed no dysp- 
nea. He did not complain of any 
chest pain. 

The patient was 
Letterman Army Hospital (case 4243- 
050) on August 14, 1956. The tem- 
perature was 100.4° F. Weight was 
37 pounds. Blood pressure was 108 
62 He was found to be a_ well- 
developed, well-nourished blond child 
in no distress. A firm 4% by 14 em. 
node was palpated in each supra- 
elavicular area. Chest expansion was 
equal, and the lungs were clear and 
resonant with no rales audible. There 
were no nodular masses along the in- 
cision. The rest of the physical ex- 
amination was essentially normal. 

Laboratory findings at this time 
revealed a white blood count to be 
3,600, neutrophils 29, lymphocytes 48, 
monocytes 15, eosinophils 5, and baso 
phils 3. Hemoglobin was 12.5 Gm. 
Bleeding and coagulation times were 
normal. Hematocrit was 38 per cent. 
Repeat white blood eell counts varied 
from 5,000 to 10,000, and the differen- 
tial counts also showed considerable 
variation. Urine analysis was nega- 
tive. On Aug. 28, 1956, a right supra- 
elavieular node biopsy was _per- 
formed. No tumor cells were found 
in these nodes. Cultures from these 


admitted to the 


nodes were also negative. On Sep- 
tember 11 a bone survey, ineluding 
skull and chest x-rays, was normal 


for a minimal soft tissue den 


except 
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sity in the right lower posterior lung 
field. 

On September 13 a right thoraecot- 
omy was performed. Tumor tissue 
was found in the parietal pleura 
along the line of the previous incision. 
The hilum was infiltrated with tumor 


tissue, most of which appeared to 
he eneapsulated by a thin, bluish- 
white membrane. It was realized 
that there was massive involvement 


of the mediastinum and that nothing 
surgical could be done which would 
be of benefit to the child. Therefore, 
the chest was closed after a thoracot- 
omy tube had been placed. The child 
recovered and was discharged from 
the hospital one week after the op- 
eration. 

He was referred to another hospi- 
tal for radiation therapy. He was 
given cobalt 60 at a distanee of 75 
em. through 4 portals. Therapy was 
begun on September 27 and com- 
pleted on November 29. Each field 
was treated to completion and then 
the next was started. Thus, portal 1 
(AP mediastinum) was treated daily 
up to 3,900 r. (skin), then 2 (right 
PA 45 degrees) was started and 680 
r. given. Following this, 3 (right PA 
chest) and 4 (right AP chest) were 
instituted and 3,000 r. and 3,200 r.. 
respectively, administered. Approx- 
imately 200 r. skin dose was given at 
each treatment which was daily, ex- 
eept Saturday and Sunday. The to- 
tal tumor doses were 3,247 r. to the 
mediastinum and 4,462 r. to the right 
lung. The fields were stationary, and 
measured as follows: portal 1 was 
6 by 15 em., portal 2, 2 by 15 em., 
portal 3, 10 by 13 em., and portal 4, 
10 by 12 em. On Jan. 10, 1957, he 
received a skin dose of 100 r. and a 
tumor dose of 75 r. to the AP right 
chest through a field of 12 by 15 em. 
The following day a skin dose of 50 
r. and a tumor dose of 38 r. to the AP 
left chest through a field of 8 by 15 
em. was given. This therapy did 
produce a slight decrease in the size 
of the metastatie nodules. 
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On January 6 the boy was readmit- 
ted to the hospital because of leth- 
argy, anorexia, and cough. Follow- 
ing x-rays, he was found to have a 
massive pleural effusion on the right 
lung and numerous spherical nodules 
in the left lung. 

Laboratory examination at this 
time revealed a normal urine analysis 
and a hemoglobin of 10.5 Gm. The 
white blood count was 12,150 with 
88 per cent neutrophils and 8 per 
eent lymphocytes. He was treated 
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absent breath sounds. Harsh breath 
sounds were audible over the left 
lung. Laboratory data at this time 
revealed a hemoglobin of 10.5 Gm. 
The white blood count was 2,800, with 
66 per cent polymorphonuclear cells, 
30 per cent lymphocytes, 3 per cent 
monocytes, and 1 per cent eosinophils. 
A roentgenogram of the chest re- 
vealed the right side to be ecom- 
pletely opacified, a finding consistent 
with the presence of large amounts of 
fluid (Fig. 3). The metastatie nod- 





Fig. 3.—Posteroanterior roentgenogram of 


the chest approximately one year after surgery 


and one month before death. The right hemithorax is completely opacified There are num- 


erous metastatic nodules throughout the left 


with radiation, terramycin, thora- 
centesis, plus Meticorten and _ im- 
proved enough to return home on 
January 18. However, he still re- 
mained somewhat lethargic and had 
his chronie cough. 

His final admission to the hospital 
was on February 8 because of dysp- 
nea. Physical examination revealed 
an acutely ill boy in marked respira- 
tory distress. Respirations were 100 
per minute. He had a harsh cough 
productive of a small amount of pink- 
ish sputum. There was only slight 
movement of the right thoracie cage. 
The entire right chest was dull with 


lung. 


ules appeared to have increased 
slightly in size on the left side. Tho- 
racentesis was attempted the day 
after admission, but no fluid was ob- 
tained. Then it was felt that this 
opacity seen on the x-ray was con- 
solidated lung probably replaced by 
tumor tissue and not fluid. He was 
treated with antibiotics and morphia 
as indieated. He died on March 10, 
1957. 

Autopsy showed an extensive tumor 
in the right lung and pleural eavity 
with extension of the tumor to the 
diaphragm and to the liver. There 
were multiple metastatic nodules in 
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the left lung but none elsewhere. 
There was atelectasis of the left lower 
lobe. Mild chronic passive congestion 
of the lungs and liver was noted. 
An emphysematous bleb was noted 
in the left lower lobe. 

The microscopic examination of the 
tumor tissue from the autopsy speci- 
mens were the same as that seen in 
the previous sections of the tumor 
removed surgically, that is, anaplas- 
tie fibrosarcoma of the lung. 


DISCUSSION 


It is difficult to determine the in- 
eidence of fibrosarcoma of the lung 
since little attempt has been made, 
until the past ten years, to classify 
these tumors other than as broncho- 
genie sarcoma of the lung. Further- 
the of fibrosarecomas 
reported are too few to be of any 
statistical significance. Stout,’ in 
1948, emphasized that the 
terms such as “neurogenic sarcoma” 
and “spindle cell were 
meaningless, that they were causing 


more, number 


use of 
sarcoma” 
a great deal of confusion, and that 


should be abandoned. 
then, more specific classifications of 


they Since 
sarcomas of the lung have been made 
and have thus helped to clarify the 
literature on this subject.® 

fibro- 
Few 


bronchopulmonary 
all 
eases have been reported in older chil- 


Primary 
Sarcoma occurs at ages. 
dren, but we have been unable to find 
any case, other than our own, under 


3 years of age.*® These may arise in 


the larger bronchi or in the lung 
parenchyma. In our ease the tumor 


arose in the lung parenchyma. Jen- 
sik’ had a 5-year-old patient with an 


bronchial fibrosarcoma 


intraluminal 
at the orifice of the right middle lobe. 
He 


lower lobectomy 


right middle and 
The child is well 


performed a 
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one year postoperatively. Curry and 
Fuchs* reported a case in which the 
child expectorated a fibrosarcoma of 
the bronchus and was well with no 
sign of reeurrence four years later. 
Our patient was not as fortunate. 

It is infrequent that one can make 
an exact cytological diagnosis of such 
a tumor before surgery. Occasionally 
bronchial secretions, bronchial, and 
or lymph node biopsy have revealed 
the exact nature of the lesion. Some 
of the conditions which were consid- 
ered in the differential diagnosis in- 
eluded hamartoma, postinflammatory 
“tumor,” bronchogenic cyst, fibroma, 
earcinoma, and other types of sar- 
coma such as leiomyosarcoma, gran- 
uloma, and teratoma. We were un- 
able to make a definite cytological 
diagnosis preoperatively in this case. 

We are unable to assess the value 
of surgical excision and/or x-ray 
therapy in this condition from the 
study of the few cases that have been 
reported in the literature. The well- 
differentiated fibrosarcomas appear 
to have a better prognosis, as would 
be expected, than the undifferenti- 
ated anaplastic type. We feel that 
surgical excision is mandatory for a 
number of reasons: (1) Frequently, 
it is necessary in order to make a 
definite diagnosis. (2) It offers pal- 
liative therapy if nothing else, that is, 
the dyspnea, cough, hemoptysis, etc., 
that these patients frequently have 
are relieved temporarily. (The dysp- 
nea did disappear in our ease.) (3) 
It is the only form of therapy avail- 
able that offers any hope of cure. 
Ochsner and his co-workers® recently 
reported a patient with leiomyosar- 
coma of the lung which he removed 
in 1936, and the patient is still alive 
and well. In our case, cobalt therapy 
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was instituted empirically, for we did 
not know whether this type of treat- 
ment would be of any benefit or not. 
We realized that, in general, fibro- 
sarcomas are relatively radioresistant 
to radiation therapy, but we hoped 
that this case might prove to be the 
exception. There was a slight de- 
erease in the size of the metastatic 
nodules following their irradiation, as 
noted by a roentgen film of the chest, 
but this was hardly worth mention- 
ing. No subjective improvement oc- 
eurred. As noted, the patient died 
thirteen months after the onset of the 
symptoms despite the methods of 
therapy instituted. 


SUMMARY 


Primary fibrosarcoma of the lung 
in a 2-year-9-month-old child has 
been reported. This is the youngest 
ease of this type of sarcoma of the 
lung ever recorded, and the only 
ease recorded in a child treated by 
lobectomy and cobalt therapy. This 
was a very anaplastic fibrosarcoma 
which responded poorly to the above- 
mentioned therapy. Excision of the 
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lesion relieved the boy’s dyspnea tem- 
porarily, and the cobalt therapy had 
little or no therapeutic value. The 
patient developed extensive metasta- 
ses and died thirteen months after 
the onset of symptoms. 


We wish to gratefully acknowledge the 
cooperation of the Armed Forces Institute 
of Pathology for making available the pho- 
tomicrographs of the tumor and their as- 
sistance in interpreting the nature of the 


tumor. 
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TILE PROTEIN REQUIREMENT OF INFANTS 
L. Emmetr Hour, Jr., M.D. 
New York, N, Y. 


HE subject which I will discuss 


is a controversial one among 
pediatricians. It is also one upon 


which the Food and Nutrition Board 
could not agree. In the current edi- 
tion of Recommended Dietary Allow- 
ances' there appears for the first time 
in history an empty space rather than 
a figure for the infant’s protein allow- 
anee, A reference mark leads one to a 
note where a somewhat equivocal state- 
ment is found. There is disagreement 


among the nutritionists, among the 
pediatricians, and among the indus- 
trialists who attempt to provide us 


with the materials to feed our babies. 
The advoeates of high and of low pro- 
tein are people of integrity and good 
some are emotionally 


will, although 


charged. Perhaps I flatter myself that 
[ ean review the subject objectively 
but I shall at least make the attempt. 

To understand the background for 
the two conflicting points of view, it is 
necessary to go back a little way into 
pediatric history. The first good anal- 
yses of milk protein came in the ’80s 
at which time the relatively low con- 
centration of protein in human milk 
Meigs* of 
American 
to demonstrate this convineingly. It 


was definitely established. 
Philadelphia was the first 


is not surprising that the difference 
was seized upon by the pediatricians of 
that day, Roteh of 


From the New 
Medicine 

An address given at meeting of District VI, 
American Academy of Pediatrics, Madison, 
1958 


particularly by 


York University College of 


Wis., Sept. 3, 


Boston, as the explanation of why 
artificially fed infants failed to thrive 
as well as those fed at the breast—they 
Roteh 


was the father of formula feeding and 


could not tolerate the protein. 


developed a series of low protein for- 
mulas prepared by diluting cow’s milk 
and adding sugar, the dilution gradu- 
ally decreasing as the child grew older. 
This was acclaimed by American pedi- 
atricians as the truly “scientific” 
method of infant feeding and was held 
in high regard during the first two 
deeades of the present century, My 
father staunch ad- 
voeates. By and large it seemed to 
work well, but from time-to-time there 
were exceptions which caused concern 

experiences like the following which 
recall my father telling me 
about: A baby from out of town 
would be put on a Rotch formula and 
not seen again for some time. Months 
letter from the 
baby’s mother saying: Dear Doctor, 
we tried vour formula. The baby got 
worse and worse. Finally, in despair, 
we fed him whole milk from the neigh- 
He began to pick up at 
I thought you might like to see 
would be the 


was one of its 


I ean 


later would come a 


bor’s cow. 
once, 
his picture, Enclosed 
photograph of a child, the picture of 
health itself. 

Then, about the time of World War 
Mendel 


scene with their classie studies of rats 


It was a little upsetting. 


I, Osborne and came on the 
fed diets of pure protein supplemented 


with amino acids. Proteins were no 
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longer just proteins. There were dif- 
ferences in quality. Casein was not as 
good a protein as lactalbumin and 
cow’s milk protein was not as good as 
that of breast milk. Mendel appreci- 
ated the significance of the work for 
pediatrics, but he was disappointed 
that so few pediatricians were inter- 
ested in it. He once told me that he 
thought there were only two, my 
father and John Howland, who read 
his papers. My father, however, was 
greatly impressed by the work at Yale. 
It explained his failures with the 
Roteh formulas; and he had much to 
do with bringing the new concept to 
the attention of the pediatricians and 
medical men in general. More pro- 
tein had to be fed when giving cow’s 
milk in order to provide the proper 
amounts of certain amino acids. Ex- 
actly how much more was not clear. 
Double the quantity provided by 
breast milk seemed not too much. The 
concept that 15 per cent of the calories 
should be derived from protein when 
cow’s milk was fed was developed at 
this time and was supported by ob- 
servations on the spontaneous intakes 
of healthy older children. In terms of 
grams of protein per kilogram, this 
meant an intake of 3 to 4 Gm. per 
kilogram as opposed to approximately 
2 Gm. provided by breast milk. 

Infants on these higher intakes did 
well; on the whole they did better than 
on the Rotech formulas; progress had 
been made. But the difficulties were 
not altogether solved. Raw milk was 
still used for routine feeding and not 
all infants could take the higher pro- 
tein intake with impunity; some had 
trouble with eurd indigestion. Dilu- 
tion with thin starch gruels helped, but 
the real solution was not long in com- 
ing. It was processed milk—processed 


at home or in the dairy. I was a 
hospital intern in 1921 when the first 
powdered milk was fed in the Babies’ 
Ifospital in New York. All the staff 
were greatly impressed by the fact 
that the heat processing had so altered 
the protein as to permit relatively: high 
intakes with no sign of eurd indi- 
gestion. Evaporated whole milk was 
equally suecessful but there was a 
prejudice against canned products and 
they were slow in coming into general 
use. For some years the majority of 
babies continued to be fed on fresh 
milk, and the eurd problem had to be 
solved in other ways, namely, by the 
applieation of heat and by treatment 
of the milk with acid. The practice 
of terminal sterilization came in in the 
20s and the same decade saw the ad- 
vent of acidified milk, preeurdled in 
fine curds before feeding. There were 
other virtues claimed for acidified 
milk by Marriott, but Brenneman® 
showed clearly in 1929 that its benefit 
was due to its effect in avoiding curd 
indigestion. 

The impetus of the Mendel and 
Osborne experiments has continued up 
to the present time. The belief per- 
sists that cow’s milk protein is sub- 
stantially inferior in quality to that of 
breast milk and that considerably more 
protein must be given to the artificially 
fed infant in order to obtain eompa- 
rable results. Nevertheless, within the 
past two decades a body of evidence 
has been obtained which indicates that 
their studies are not quite so applicable 
to infant feeding as had been thought: 


1. Osborne and Mendel, it may be 
recalled, found that casein was _ in- 
ferior to lactalbumin as regards rat 
growth and required the addition of 
eystine to overcome this difference.® 
There seems to be no doubt that 
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sulfur-amino acids are limiting in rat 
growth when easein is fed, but the 
requirements of different animal spe- 
Birds, 
for example, require arginine in con- 
siderable quantity for feather forma- 
Hairy animals presumably have 
hair 
being rich in The 
baby, having no need for rapid hair 


cies are now known to differ. 


tion. 
a high requirement for cystine,’ 
this amino acid. 


production, is another matter. 

2. There is evidence that milk proe- 
essing as now earried out makes nitro- 
gen more available than was the ease 
when raw milk was fed. Recent in- 
vestigators find quite regularly that 85 
nitrogen of proc- 
essed milk This 
contrasts sharply with the experience 
milk in substantial 
amounts of the 
stools in the form of beanlike curds.‘ 
de- 
signed as partial imitations of breast 
milk, both of which provided only a 
little more protein than breast milk but 
all of it heat processed, have proved 


to 90 per cent of the 


s absorbed. 


cow’s 


on raw which 


easein were lost in 


Two proprietary milk feedings, 


clinically suecessful and are showing 
sustained and increasing popularity. 
In a recent study in which premature 
infants were fed at low protein levels 
Barness and associates? were unable 
to demonstrate any striking superi- 
ority of breast milk protein. 

3. Net protein (NPU) 
values* standard milk 
protein and a standard breast milk 


utilization 


for a eow’s 


protein have recently been determined 


by Platt’? under the auspices of 

*The NPU value represents the proportion 
of ingested protein retained as contrasted 
with the bielogical value which is defined as 


the proportion of absorbed protein which is 
retained It must be recalled that both NPU 
values and biological values are significant 
only under conditions of deficit or at marginal 
intakes. Once the minimum requirement is 
exceeded, additional protein fed is deaminated 
and excreted in the urine as urea and the 


proportion of retained protein falls regardless 
of quality. 
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UNICEF. The difference is surpris- 
ingly small (81.5 for cow’s milk and 
945 for the breast milk). The 
standard cow’s milk was an American 
skim milk powder, the standard breast 
milk being a powdered preparation 
supplied by the Dutch Red Cross. 
From the figures given, it would ap- 
pear that the two proprietary cow’s 
milk feedings mentioned above which 
provide approximately 10 per cent of 
the calories as protein provide a some- 
what greater margin of safety above 
the protein minimum than does breast 
milk. 

As far as the immediate nutrition of 
the infant is concerned, it appears that 
the feedings containing 10 per cent of 
the calories as protein or 15 per cent of 
the ealories as protein (roughly 2 Gm. 
and 3 Gm. per kilogram, respectively) 
are both eminently satisfactory. Both 
have stood the test of time and clinical 
differences have not been observed. A 
theoretical advantage can be claimed 
for each. The higher protein feeding 
would appear to provide a greater 
margin of safety against protein de- 
ficieney than the lower protein intake. 
However, the resulting higher obliga- 
tory urinary water required to excrete 
the additional urea would appear to 
offer a lesser margin of safety against 
dehydration. The practical importance 
of either of these theoretical ad- 
vantages has not been demonstrated. 

From the point of view of health, 
obvious differences have not been re- 
vealed by experience on these two 
types of diets. Yet it may well be that 
more detailed study will reveal subtle 
differences of which we are not now 
aware. There are reasons for believing 
that such subtle differences do exist. 
The evidence for this is much of it 
indirect and far from conclusive. 














HOLT: 


Nevertheless, it is of some interest to 
review it and to speculate as to its 
significance. 

It is clear that the nitrogen content 
of the growing organism ean be influ- 
enced to a limited extent by the 
quantity of nitrogen ingested. An ex- 
cess of nitrogen beyond the minimum 
requirement level is not all excreted 
as urea; a small fraction of it is re- 
tained. The excess retained is not as 
great as some of the earlier balance 
studies, such as that of Swanson," 
would indicate; it appears that some 
systematie error increased the appar- 
ent retention figures. Nevertheless, it 
is clear from ecareass analyses of ani- 
mals fed low and high protein in- 
takes'*""* that the nitrogen content of 
the body is higher on the latter; the 
body weight is little affected, the in- 
crease being largely at the expense of 
fat. Something is known in regard to 
the nature and location of this excess 
nitrogen. Nearly all the tissues show 
some inerease in nitrogen, the largest 
percentage inerease being in the liver, 
kidneys and adrenals, organs con- 
cerned in the degradation of amino 
acids, in nitrogen excretion, and in 
gluconeogenesis from protein, <A part 
of the inereased nitrogen retention 
thus represents compensatory hyper- 
trophy of tissues needed to handle the 
added nitrogen load. There remains, 
however, some exeess nitrogen not so 
accounted for. Although it is often 
stated that nitrogen is retained only in 
the form of organized cellular protein, 
this is now known to be incorrect. 
Some of it is present as simple nitro- 
gen compounds in the extracellular 
fluids as well as The 
level of blood urea depends upon the 
Infants fed on 


in the eells. 


nitrogen intake.’ 
cow’s milk carry distinetly higher urea 
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levels than those fed on breast milk. 
Considerable amounts of free amino 
acids have also been demonstrated in 
tissue cells.1° Do these nitrogen moieties 
funetion as “reserves”? That is the 
$64,000 question. 

Quite apart from diet, the 
centage of nitrogen present in the body 
changes with growth. About 3 per 
cent of the nonobese adult body con- 
sists of nitrogen whereas in the new- 
born child it is only about 2 per cent 
and in the premature infant even less. 
The body of the infant contains a 
larger proportion of 
fluid, a smaller proportion of cells. It 
seems logical to try and make the in- 


per- 


extracellular 


fant mature as rapidly as possible, in 
other words, to turn him from a feeble, 
vulnerable creature into a tough adult. 
But can we really do this by feeding 
him more protein? We can make him 
gain nitrogen more rapidly and assume 
the adult 3 per cent level of body com- 
position more rapidly. We ean push 
the composition of his weight gain up 
to 6 per cent nitrogen without diffi- 
culty, but are we really making him 
more mature? Is he making enzymes 
better? Or is he just storing up some- 
where materials that can be used for 
synthesis only at a_ predetermined 
rate? These are unanswered questions. 
Cusworth and his co-workers'® found 
that the red cells of infants contained 
considerably more free amino acids 
than had been found by Stein and 
Moore" in adults. Were these moieties 
accumulating because they were not be- 
ing used? 

The real answer to the protein in- 
take question is under what regimen 
does the infant withstand the 
challenges to which he is subjeet—in 
infaney and perhaps in later life? 
This is an area in which our knowledge 


best 
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THE 
is very deficient. Infants eannot be 
challenged, only the results of natural 
But chal 


lenge experiments ean be earried out 


challenges can hn recorded. 


in suitable animals. Many such ex- 
periments have been carried out, but 
many more are needed, for the results 
from clear-cut and are often 


The challenge of infection 


far 
equivoeal. 
is one that occasions the most concern. 
Will a high protein intake confer a 
measure of protection against infec- 
tion or, conversely, will a low protein 
intake impair it? On impulse, one 
would be tempted to answer in the af- 


are 


firmative and to assume that this had 
been demonstrated, but when the evi- 
dence is examined one is given pause. 
The literature in experimental animals 
is conflicting, and there is evidence that 
the with different 
microbial Thus, and 
Schaedler,'* studying infections in the 


situation varies 


agents. Dubos 
mouse caused by the staphylococcus 
and the 
had other workers with the latter or- 


tubercle bacillus, found, as 
ganism, that resistance was improved 
by a generous protein intake. On the 
other hand, the studies of Sprunt and 
Flanigan’® with viral infections (vac- 
cinia, swine influenza and the Rous 
sarcoma virus) led to just the oppo- 
site and Sehneider and 
Webster,” in exceedingly meticulous 
experiments, were unable to demon- 
effect of diet on the re- 
the mouse to Salmonella 
enteritidis. The possibility that en- 
riching the diet may benefit the para- 
site as well as the host and, in some in- 
stances at least may enable the parasite 


conelusion ; 


strate 
sistanee of 


any 


to gain the upper hand, must be con- 
sidered. There are exceptions to the 
generalization that a low protein in- 
take improves resistance to a viral in- 
decreases it to a bacterial 


vader but 
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invader. The patient with kwashiorkor 
appears to 
but, 
dermatitis, he rarely suffers from see- 
ondary pyogenie infection of the skin. 


show poor resistance to 


measles despite an extensive 


Data from humans relating infee- 
tion to diet are far from conelusive. 
Breast milk has enjoyed a high re- 
gard as a prophylactic against infec- 
tion, but controlled observations that 
would permit one to attribute this to 
its low protein content are lacking. 
Daneis and studied the 
antibody response to DPT vaccina- 


associates”! 


tion in a group of infants (some of 
whom received 10 per cent and some 
20 per cent of their calories as pro- 
tein). 
sufficient to detect minor differences, 


The numbers were small, not 


but it is significant that gross differ- 
enees were not observed. 

It is clear that the relation between 
nutrition and infection is not a simple 
one. In the 
Sprunt, for example, eyelic changes 
noted (an initial drop in re- 
sistance as protein was suddenly re- 


some of studies of 


were 
dueed, a more prolonged phase in 
which on the depleted diet resistance 
was greater than normal, and a termi- 
nal phase of inereased susceptibility). 
Obviously, we need much more in- 
formation. The doctrine that dietary 
enrichment means better health, at- 
tractive as it is, must be critically 
evaluated. It may be well to recall 
the observations more than a century 
and a half ago by Underwood” and 
by Jenner*®® that certain infections 
associated particularly with 
well-nourished individuals. 

In the ease of poisons, too, con- 
flicting results are obtained, depend- 


were 


ing upon the particular poison in 
question. For one poison a high pro- 


tein diet is best; for another a high 
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carbohydrate or a high fat diet with 
low protein works better. It is im- 
possible to generalize. We need to 
have studies with a number of differ- 
ent stresses (dietary stresses, climatic 
stresses, exercise, and many others). 
It is also clear that the early nutri- 
tional pattern may affect stresses that 
develop late in life. An excess of one 
foodstuff may be beneficial or it may 
lead to the development of compen- 
satory disposal metabolic patterns 
which continue after the excess has 
been terminated and lead to untoward 
results. In the ease of caleium, for 
example, Henry and Kon*™ observed 
that a high calcium diet given to 
young rats favored retention in early 
life but predisposed to osteoporosis in 
later life. Similar observations were 
made by Gershoff and associates* in 
dogs. The effect of the protein level 
in early life upon the stresses of later 
life needs to be studied in greater 
detail. The effect of the early dietary 
pattern on growth is being studied. 
Interesting observations in rats have 
been carried out by Widdowson** who 
found that an abundant diet given in 
the early weeks of life caused a pat- 
tern of growth to be indelibly im- 
printed which resulted in greater ulti- 
mate size regardless of the later diet. 
It is not clear whether it was the 
higher protein intake or the higher 
ealorie intake which produced the 
result. Can it be that the inereasing 
stature of Americans is conditioned 
by a higher protein intake in in- 
faney? We are also faced with the 
question—Is increasing stature de- 
sirable? The bigger individual may 
have greater physical prowess, but in 
our present civilization this is not at 
a premium. Machines are replacing 
manual labor; we ride instead of 


walk when we want to go somewhere. 
With less physical exertion obesity 
seems to be on the increase, a condi- 
tion associated with well-known 
health hazards. The big individual 
requires more calories to sustain him, 
but is correspondingly vulnerable to 
calorie deprivation as was amply 
demonstrated in concentration camps 
and among prisoners of war. I shall 
not attempt further speculation. | 
wish only to emphasize the great need 
for study in the field of remote as 
well as more immediate effeets of 
diet. 

In view of our present ignorance, 
what is the best way to play safe as 
far as feeding protein to infants is 
eoncerned? Are we safer with 2 or 
with 3 Gm. per kilogram or more? 1 
shall answer that question very simply 
by saying, 1 don’t know and I don’t 
know of anyone who does know. 

I have heard industrial concerns 
criticized because they try to persuade 
us what to feed our infants. There 
is much that I deplore in current sales 
techniques which often distort or at- 
tempt to controvert established truth. 
On the other hand, I am not troubled 
by promotional efforts when the facts 
are as equivocal as they are here. As 
long as our industrial friends feel the 
obligation to sponsor fundamental re- 
search designed to answer our ques- 
tions, and as long as they are willing 
to adapt their products to new knowl- 
edge as it comes out, I think we have 
no oceasion to fear. We shall have 
the final answers that much the 


sooner. 
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PROTEIN ALLOWANCES FOR YOUNG 





INFANTS 


Harry H. Gorpon, M.D., ANp ANGELITA F. Ganzon, M.D. 
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F gies several decades of relative 
quiescence, controversy has again 
arisen about the protein allowances 
for young infants. The chief enigma 
is this: if normal full-term infants 
thrive at the breast on estimated in- 
takes of 2.0 Gm. of protein per kilo- 
gram of body weight per day, why 
should the recommended allowance 
for young infants fed cow’s milk mix- 
tures have been stated as 3.5 Gm. in 
the 1953 revision of the Recommended 
Dietary Allowances’ compiled by the 
Food and Nutrition Board of the Na- 
tional Research Council? In the 1958 
revision,” the column for protein al- 
lowanees for young infants has nei- 
ther the 2.0 Gm. which would have 
suited some pediatric advisors nor 
the 3.5 Gm. recommendation which 
would have suited others (ineluding 
the authors); instead, it refers to a 
diseussion which urges breast feed- 
ing and presents briefly the evidence 
which prevented a firm recommenda- 
tion to the Committee on Dietary Al- 
lowanees of the Food and Nutrition 
Board. 

Some of the disagreement arose 
from a failure to reeognize that the 
primary aim of the Recommended 
Dietary Allowances is to supply ample 
allowances.*»* They are ‘‘designed to 
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maintain good nutrition in healthy 
persons in the United States under 
current conditions of living and to 
cover nearly all variations of require- 
ments for nutrients in the population 
at large. They are meant to afford a 
margin of sufficiency above minimal 
requirements and are therefore 
planned to provide a buffer against 
the added needs of various stresses 
and to make possible other potential 
improvements of growth and fune- 
tion. ... They may be more generous 
than would be practical for feeding 
large groups under conditions of 
limited food supply or economic 
Naturally these aims 
derive from the abundance of food 


stringeney.’’ 


in this country. On the other hand, 
international organizations such as 
UNICEF, the Food and Agricultural 
Organization of the United Nations, 
and the World Health Organization, 
who try to combat malnutrition in 
technologically underdeveloped coun- 
tries with limited funds, are more 
concerned with ‘‘safe practieal’’ or 


6 


‘‘average minimal’’ allowances.” 


, 


Since ‘‘ample allowanee’’ would ap- 
pear a more natural guide to infant 
feeding than ‘‘safe practieal’’ or 
‘‘average minimal’’ allowance, why 
was it impossible for a group of 
American pediatricians to agree on a 
figure for protein allowances? The 
answer lies in the inconclusive nature 
of the evidenee, both old and new, 
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and a coneern about feeding prae- 


tices whieh, starting with obesity and 
calorie overnutrition,’ has overflowed 
to animal fats, caleium, and now pro- 
tein. This paper presents an analysis 
of data available for making judg- 
ments, some obstacles to their inter- 
pretation, and conclusions which ap- 
pear valid to the authors for the cur- 
rent practice of infant feeding. 

In discussing protein allowances, 
one must remember that the protein 
ingested by young infants is usually 
in milk, a complex natural food 
which contains other important nu- 
trients, the intake of which may be 
made inadequate or excessive as one 
the 


The expression of the protein 


econeentrates on protein allow- 


arnee., 
allowance as percentage of calories 
ingested is an attempt to relate the 
the total 


Processing of milk may con- 


protein to at least energy 


intake. 
siderably alter the availability of the 
protein and other nutrients and thus 
affect judgment of the adequacy of 
the milk. For example, less recently 


scurvy and more recently megalo- 


blastic anemia and eonvulsions due 


to py ridoxine deficiency were eaused 
by changes in methods of processing 
cow’s milk. 

Three kinds of data which have 
formulate 
(1) 


progress, 


been used in attempts to 


protein allowances are: esti- 


mates of food intake and 


usually weight gain, of apparently 


thriving infants; (2) a_ theoretical 
formulation of protein requirements ; 
, 


3) experimental studies which in- 
clude determinations of nitrogen bal- 
different 


intake, 


anee of infants at levels of 


protein or amino acid and 


studies of animals. 
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ESTIMATES OF FOOD INTAKE 


Survey of Feeding Practices. 
Studies of empirie feeding practices 
combined with chemical analyses of 
the milk fed gave early estimates of 
nutritional allowances for thriving in- 
fants. In judging their value one 
must keep in mind the following con- 
siderations : 

(a) The estimates of 
tent and the amount of milk ingested 
were rough the number of 
actual measurements of the latter were 
few: for breast feeding, measurement 
of actual intake required weighing the 
infants before and after many nurs- 
ings; for artificial feeding with either 
human or cow’s milk, careful weigh- 
ing of milk containers before and 
after feedings. Furthermore, the ac- 
tual chemical analyses of the milk 
consumed posed a problem, particu- 
larly with breast feeding, because of 
the difficulties in obtaining adequate 
This is of less importance 


protein con- 


because 


sampling. 
with ecow’s milk since so much of the 
cow’s milk 
samples from large herds.* ° 

(b) The eriteria for health may be 
Inerease in weight, 


used represents pooled 


hard to define. 
crowth in height, osseous and mus- 
eoneentration of 
hemoglobin or of blood 
stituents, and incidence of infection 
have been related to food intake, but 
have 


ele development, 


other con- 


when these 
measured carefully the studies 


even parameters 
been 
have not been designed to permit a 
critical the 
portance of variations in protein in- 


answer coneerning im- 


take alone. 


In spite of these considerations, 


studies of empiric feeding practices 


have given useful information. In 





















GORDON AND GANZON: PROTEIN 


the first place they have the advan- 
tage of representing the food intakes 
of infants in a natural habitat, i.e., 
while being fed and eared for by 
their mothers. Second, their very 
lack of precision is a built-in caution 
against the rigid use of averages 


which become ‘‘tyrannical because of 
the neeessity of their expression as 
Actually, the 


broad adaptive psychologic and physi- 


numerical symbols.’’ 


ologie powers of infants have made 
a shambles of such attempts at tyr- 
anny.’°-?8 

For breast-fed infants, the rela- 
tively small amount of data available 
did not hinder the Food and Nutri- 
tion Board’s estimate of the protein 
allowance as approximately 2.0 Gm. 
per kilogram per day during the first 
6 months of life. The reasons for this 
are simply stated as follows: ‘‘For 
infants, human milk is the desired 
souree of nutrients. Breast feeding 
is particularly indicated during the 
first month of life when infants show 
handicaps in homeostasis due to dif- 
ferent rates of maturation of diges- 
tive, exeretory and endocrine fune- 
tions. Protein needs in early infaney 
are fully met by mother’s milk when 
infants are fed at the breast and the 
process of lactation in the mother 
is not limited. For this first period, 
therefore, breast feeding should be 
encouraged as the desired and _ best 
procedure for meeting nutrient re- 
quirements. Although there is vari- 
ation in, protein content of mature 
breast milk, the average conecentra- 
tion is about 1.2 Gm. of protein per 
100 ml. Usual quantities consumed 
by nursing infants afford an intake 
of about 2.5 to 1.5 Gm. of protein per 
kilogram body weight during the first 
six months of life. The dietary al- 
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lowaneces to meet these needs are, 
therefore, afforded the mother. These 
are taken into account as additional 
allowanees for the woman during 
lactation, and are ineluded in the 
Table of Recommended Dietary Al- 
lowanees.’” In other words the pro- 
tein allowance for a breast-fed infant 
is met by the dietary allowances, 
good health, ability and willingness 
of his mother to nurse him, and by 
faith in his appetite as a guide to his 
total milk, and therein ineluded pro- 
tein intake. 

With cow’s milk mixtures there is, 
however, much more room for econ- 
troversy about the protein allowance 
as judged from feeding practices. In 
Fig. 1 is presented, for various feed- 
ing mixtures, the distribution of eal- 
ories derived from protein, fat, and 
carbohydrate as a percentage of the 
total calories. Readers are referred 
to Powers’ articles'* for informa- 
tion, the use of which might prevent 
our feeding practices from becoming 
or eontinuing as inelegant as our 
antibiotie practices. Cow’s milk mix- 
tures modified to resemble human 
milk in the distribution of calories 
ineluded the eream and top milk 
mixtures of Biedert and Meigs, the 
‘‘nercentage’’ mixtures of Roteh 
(1893), and butter-flour mixtures of 
Czerny-Kleinschmidt (1918) (Fig. 1, 
column 1). Other mixtures which 
give 9 to 10 per cent of the calories 
as protein (approximately 15 to 25 
per cent more protein than the 7 to 
8 per cent in human milk) are pre- 
sented in column 2 of Fig. 1. They 
include the whey-adapted milk of 
Schloss, the artificial mother-milk of 
reudenthal, the synthetic milk 
adapted of Gerstenberger and Ruh 
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(1919), 


rations 


and other proprietary prepa- 
used this country. The 
butter-flour mixtures of Moro (1920) 
supplied 10 per cent of the calories 


in 


from milk protein and an additional 
1 or 2 per cent from the protein of 
the flour. Sweetened condensed milk, 
column 3, also supplies 10 per cent of 
the Marfan*® 
used a half-skimmed 


calories as protein. 
coneentrated 


cow’s milk to which sugar had been 
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It is difficult to determine the origin 
of the rule of thumb used some 60 
years ago by Budin,”* the famous 
French obstetrician whose concern ( 


with the health of the infants he de- 
He stated 
that infants should be given 10 per 
eent of their body weight as boiled 
eow’s milk, and this 10 per cent rule 
was used also by Pfaundler, Holt, Sr., 
and Marriott 


livered was exemplary. 


and Jeans who added 
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Fig. 1—-The percentage of total calories in protein, carbohydrate, and fat. (Taken from 
Powers". ™ with slight modifications. ) 

i, Mature human milk (with 7 to 8 per cent of its calories derived from protein) and 
some COW milk mixtures early designed to simulate human milk. 

2, Proprietary mixtures designed in this country to simulate human milk in protein con- 
tent have 9 to 10 per cent of the calories as protein which is approximately 20 to 25 per 
cent more than in human milk 

Sweetened condensed milk 

}. The majority of cow’s milk mixtures currently used in the feeding of well babies are 

in this group in which protein supplies 13 to 16 per cent of the calories. 
Whole cow's milk without added carbohydrate. 

éa, A concentrated partially skimmed cow’s milk to which carbohydrate was added, used 
n France in feeding well babies, It is remarkably similar to sweetened condensed milk 
in its distribution of calories 

6b, A simple mixture in which milk from which half the cream has been removed supplies 

of the calories and added carbohydrate the remainder; used extensively for feeding of 
premature and sick infants. 

éc, Buttermilk-sugar-flour mixtures used traditionally in Holland; also a_ simple half- 
skimmed milk mixture with added carbohydrate used for feeding premature infants 
added, and the distribution of ecal- earbohydrate and water to the milk 


ories, column 6a, is virtually the same 
as that of sweetened condensed milk. 


As already stated, the majority of 


cow’s milk feeding mixtures ecur- 
rently in use supply approximately 
15 per cent (13 to 16 per cent) of 
the calories as protein (column 4). 


——, 
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to make up ealorie and fluid require- 
dilute feedings 
used for infants in the month 
of life. The procedure suggested by 
Powers, that milk mixtures provide 
of the 


ments, more being 


first 


two-thirds calorie require- 


ments as milk and one-third as added 
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sarbohydrate, also gives this approxi- 
mate distribution. The extensively 
used feeding mixture of 1 part evap- 
orated milk, 2 parts water, and 5 
per cent of the total volume as added 
carbohydrate conforms to this recom- 
mendation. Heubner and Hoffman in 
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without added carbohydrate. The 
Duteh  buttermilk-sugar-flour mix- 


tures (column 6e) supply 20 per cent 
of the calories from protein, as does 
a partially skimmed cow’s milk mix- 
ture used extensively for feeding pre- 
mature infants."® 


TABLE I 


RELATION OF PROTEIN INTAKE TO TOTAL CALORIES INGESTED 


A 
Total calories per kilogram 100 
Per Cent of Calories 
8 2.0 
10 2.5 
15 3.8 
20 5.0 
RELATION OF PROTEIN INTAKE 
0.8 eal./e.e. 
24.0 eal./oz. 
Per Cent of Calories 
10 3.0 
15 4.5 
20 6.0 
*All intakes are calculated at 150 c.c. per 
1891 and Marfan'® in 1930 reecom- 
mended feeding mixtures with this 
distribution of calories, and Klein- 


schmidt’s 1920 modifieation of the but- 
ter-flour mixtures also yielded this 
distribution of calories. The feeding 
mixture used by Powers for feeding 
of premature infants and sick infants 
supplies 16 per cent of the calories 
from protein, but only 18 per cent 
from fat (Fig. 1, column 6b). 
Finally we come to the feeding 
mixtures which supply 20 to 22 per 


eent of the calories as protein. Whole 


cow’s milk has the distribution of 
ealories noted in column 5. Budin 
recommended the use of undiluted 


boiled cow’s milk in the feeding of 
infants. Harris’ has reported on the 
suecessful use of 3 parts whole cow’s 
milk and 1 part water or 2 parts 
evaporated milk and 3 parts water 


TO DILUTION OF 


B Cc D 
120 133 150 


Protein Intake 
(Gm./kg. ) 


2.4 2.7 3.0 
3.0 3.3 3.8 
4.5 5.0 5.6 
6.0 6.7 7.5 


FEEDING MIXTURE* 
0.67 cal./e.ec. 
20.0 eal./oz. 


0.5 eal. /e.e. 
15.0 eal./oz. 


Protein Intake 
(Gm./kg. ) 


2.5 1.9 
3.8 2.8 
5.0 3.8 


kilogram. 


In Table I protein intakes in grams 
per kilogram per day are related to 
the total 
of the feeding mixture with 
ume of intake kept constant, 
ing to the distribution of ealories of 
the feeding mixtures 
Fig. 1. 

As 
with relatively little soul-searching, 
the 
breast-fed infants, but how shall one 
convert the data in Fig. 1 and Table 
[I inte an acceptable protein allow- 


dilution 
the vol- 


ealorie intake or 


aceord- 


deseribed in 


already mentioned, one can, 


estimate protein allowances of 


anee for infants who are not breast 
fed? 


tures such 


The general use of feeding mix- 
column 4 
Fig. 1 will result in protein intakes 
of approximately 3.8 to 5.6 Gm. per 


as those in of 


kilogram per day when the total ea- 
lorie intake is between 100 and 150 
sal. per kilogram per day (Table I). 


DOS 


To the extent that this practice has 
been determined by an empirie ob- 
servation such as that of Budin and 
others, that infants thrive when they 
eent of 
milk, it 
valid evidence for estimating 3.5 Gm. 


receive 10 per their body 


weight as cow’s represents 


per kilogram as a recommended al- 
lowanee. If, however, 100 ec. of 
cow’s milk per kilogram is reecom- 
mended because the allowance has 


been set at 3.5 Gm. per kilogram, one 
falls into cireuitous sophistry com- 


pounded by making of the 3.5 Gm. 
not an ‘‘ample allowance’’ but a 
re quire ment. 

One needs then to ask what evi- 


dence there is that infants thrive bet- 
ter or worse on more or less protein 
than 3.5 Gm. of protein per kilogram. 
It is of interest to try to analyze some 
of the elinieal experienees which have 
led to the general use of the feeding 
Be- 
recognition of the 


milk to 


more di- 


mixtures deseribed in eolumn 4. 


fore the general 


benefits of heating cow’s 
sterilize it’? and render it 
Biedert.*' the 


milk 


gestible, on basis of 


chemical analyses of and in- 
spection of stools, attributed the poor 
progress of artificially fed infants to 
the higher protein content of cow’s 
led to 


modifieation 


milk. This various dilutions 


and of eow’s milk to 
give feeding mixtures which more or 
less resemble breast milk in composi- 


The Moro 
which 


tion of known nutrients. 


butter-flour mixtures corre- 


spond to column 2, Fig. 1 were, how 


ever, derived by physicians from 
traditional feeding practices of Alpine 
peasants The reasons that many of 
these feedings may not have survived 


(1) 


the milks were not heated and 


in general use are multiple: 


early, 
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may have been grossly contaminated, 
the dilution lowered the intake 
of other important nutrients such as 


(2) 


calcium and vitamins, (3) the prep- 
aration of some of the feeding mix- 
tures was too complex. 

In the milk mixtures in which the 
goal of ‘‘simulating’’? human milk 
was attained by great dilution of un- 
boiled cow’s milk and addition of ear- 
bohydrate, there was the same failure 
to thrive that is 
infants who have the misfor- 


even now seen in 
young 
tune of being deprived of the breast 
in families dictates 
use of small amounts of milk in high 
dilution. How this failure 
to thrive is due to the low protein 
intake, the decreased 
intake of other important nutrients 
in milk, how much to the inereased 


where poverty 


much of 


how much to 


stemming 
from milks 
other coneomitants of poverty such 


incidence of  infeetions 


use of contaminated or 
as overerowding cannot be judged.** 
that when in- 
amounts of 


In 1950 Jeans wrote 
fants fed 
cow’s milk, which resulted in ecaleium 


were lower 


and nitrogen retentions similar to 
those of infants fed human milk, they 
linear growth and 
and 


velopment.** Since no data were pub- 


showed slower 


poorer tissue turgor motor de- 


lished in support of this statement, 


whether this was a 


If it were, one 


it is not clear 
personal observation. 
ean assume that the infants received 
boiled cow’s milk and supplements 
of cod liver oil and orange juice and 
that the failure of the infants to 
thrive was due to the low milk intake 
to contamination of milk or 


and not 


inadequate intake of at least those 
Vitamins given as supplements. 
The lack of conclusiveness of most 


of the data comparing the progress of 
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full-term infants fed ‘‘low’’ protein, 


10 per cent of the calories, with 


e.g., 


that of infants fed ‘‘high’’ protein, i.e., 


lo to 20 per cent of the ealories, im- 
parts value to the judgment of ex- 
perienced clinicians who had had ex- 
perience with both types of feeding. 


In 1930 Marfan* reported on 16 
years of favorable experience with a 
milk mixture from which approxi- 


mately half the cream had been re- 
moved and 12 to 15 
sugar added before concentration and 
Pro- 
tein supplied 10.5 per cent of the ealo- 
ries, a level similar to that of condensed 


per cent cane 


subsequent dilution with water. 


milk feedings which had been con- 
demned in this country as inadequate 
in protein. The spur to widespread 
in France 
came from shortages of fresh milk 
eaused by World War I, and Marfan 
feed- 


ing to its low bacterial count, its de- 


use of this preparation 


attributed its benefits in infant 


ereased fat intake, and the increased 
digestibility of the heated protein. 
In 


beeause of difficulties in obtaining the 


1934, however, he reported that 


produet just described, he was now 
using feeding mixtures of evaporated 
milk with added carbohydrate and 
Although 
the exact proportions of this feeding 


water with good results.*° 


mixture were not stated, he had pre- 


viously given as his basie feeding 
mixture dilutions of whole cow’s milk 
reinforced with cane sugar in which 
protein supplied 14 per cent of the 
at 100 to 120 


eal. per kilogram, this would have 


calories” ; intakes of 


meant an ingestion of 3.7 to 4.5 Gm. 
» Ie} *s Tg » thie . 4 

per kilogram. Thus, this experienced 

clinician was now routinely feeding 

infants mixtures containing a higher 

proportion of calories from protein, 
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but the decision to do so was appar- 


ently based on expedieney rather 


than on firm beliefs coneerning pro- 
tein allowances. 
Sinee Dr. Jeans was a eareful eli- 


nician and investigator and a _ pre- 
cise speaker, and since he and his 
American contemporaries, the great 
majority of whom recommended the 
higher had 


greater experience with feeding prob- 


protein intakes, much 
lems than is currently available in 
the United States, to 


disagree with their opinion without 


one hesitates 
having unequivocal data to support 
Although 


be 


this disagreement. such 


judgment may disdainfully 


branded as ‘‘conventional wisdom,’’?* 


empiricism cannot be totally disre- 


garded. Howland’s words?! of 1912 
to 1913 still ring true, ‘‘It would 


not be too much to say that the ma- 
jority of artificial feeding has been 
still 
by rule of thumb, and with excellent 


done and is done empirically, 


results. Empiricism here has fre- 
quently shown the way before there 
has been satisfactory explanation of 
the modus operandi of some proce- 
dure, while oftentimes, the explana- 
tion generally accepted has required 
the faet 


by observation has remained. 


revision though established 
Never- 
theless, empiricism has also been re- 
sponsible for the prevalence of many 
false ideas that have been rooted out 
Probably 
the reason for this is that the healthy 


only with great difficulty. 


infant has a great margin of safety.’”’ 
From a careful survey of the litera- 

ture, to 

studies on low intakes of cow’s milk 


we have been unable find 


which either support or refute Jeans’ 


statement. In Table II are presented 
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THE 


the estimated protein intakes of in- 
1 part 
parts 


fants fed simple dilutions of 
milk 2 


2 of 
A), 


with 
3 parts of water 


evaporated 
water (column 
(column B), or 4 parts of water (col- 
umn c), with earbohydrate added to 
vield 0.67 eal. 


The writers’ well-baby clinie experi- 


per cubie centimeter. 


ence, with the reported hunger of 6- 
week-old infants fed the first of these 
3 feedings, makes us doubtful that in- 
with the other 


fants ean be satisfied 


TAB Il. Simere DILvutTions or EVAPORATED 
ro GIVE 

A 

PROTEIN INTAKE (GM./KG.) 3 
Evaporated milk (c¢.c. 50 
Carbohydrate (Gm. 7 
Water (c¢.e.) 100 
Total 150 

*All mixtures contain 0.67 cal. per cubic 
from assumed intake of 150 ec. per kilogram 


feedings deseribed. Although we have 
had no experience with the feedings 
total 
per cubie centimeter, we are willing 
to accept the that 
fed ingest total 
which may result in vomiting and re- 


containing less milk or ealories 


statement infants 


So larger volumes 


gurgitation.' 
Meyer*® 
artificially 


33 


newborn 


has reported that 
fed 
fants discharged from a group of hos- 


per 


eent of in- 
pitals in the United States were be- 
ing fed proprietary milk preparations, 
to the advertising skill of 


a tribute 


their manufacturers. Since some were 
feeding mixtures in which protein sup- 
plied 9 or 10 per cent of the calories 
15 
sume that these infants ingested (and 


rather than per cent, one can as- 
presumably gained well on) less pro- 
tein than if they had been discharged 
on customary simple evaporated milk 
added carbohydrate. 


they 


mixtures with 


On 


protein 


how much less 
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thrived one cannot judge because 
there is no way to estimate the 


amounts ingested, how long they con- 
tinued on the feeding mixture pre- 
seribed, the time of addition of 
protein-containing semisolids. 

Beal®? has made careful estimates 
of the intake of food by thriving in- 
fants of ‘‘upper middle elass’’ Den- 
ver families enrolled in the longitudi- 
studies of the Child Research 
The infants for whom pro- 


or 


nal 
Couneil. 


MILK WITH AppED CARBOHYDRATE DESIGNED 


DIFFERENT INTAKES OF PROTEIN* 


B Cc 
5 2.6 2.1 
0 37.0 30.0 
5 13.0 20.0 
0 112.0 120.0 
0 150.0 150.0 


centimeter; daily protein intake is calculated 
tein and other foodstuffs were esti- 
mated had been fed ecow’s milk mix- 
tures with supplementary solids after 
the second or third month. The me- 
dian protein intake approxi- 
mately 5.0 Gm. per kilogram during 
the first 6 months and 4.4 Gm. per 
kilogram during the second half of 
the year. The twenty-fifth percen- 
tiles were 4.4 and 3.8 Gm. and the 
seventy-fifth percentiles 5.6 and 4.9 
Gm. for the two age groups, respec- 
tively. In a later compilation five 
infants who had been fed cow’s milk 
preparations simulating human milk 


was 


plus semisolids, received average pro- 


tein intakes of 2.7, 2.7, 2.8, 3.2 and 
3.3 Gm. per kilogram during the first 


1 to 6 months. One infant ingesting 
no solids had an estimated protein 
intake of 4.9 Gm. per kilogram dur- 
ing the first month of life—his intake 
averaged approximately 290 ¢.c. and 
183 eal. per kilogram per day. As 
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yet, no data have been reported that 


have attempted to relate the progress 


of the infants in this study to their 


food intake. The with which 
these infants have been studied and 
the multiple disciplines represented 


in the study group assure a multi- 


care 


factorial analysis of accurate data. 

Since ad lib. feeding is an essential 
part of prolonged studies of this type, 
the experimental design hinders a 
conclusive answer to the question of 
whether inereased intake of protein 
and 
satisfactory growth. 


result in 
Stuart and his 
co-workers® have reported the find- 


other foodstuffs more 


ings in two children chosen for pres- 
In one 
in- 
growth 


entation because of contrast. 
child high protein and calorie 
takes with 
in height inerease in 
breadth, judged by 
grams of the leg, which fell in the 


associated 


and 


were 
muscle 
as roentgeno- 
fiftieth to ninetieth percentiles of the 
Harvard study group. In the second 
child 


takes were associated with changes 


lower calorie and protein in- 
which fell in the lower percentiles. 
A difference in inherent growth drive 
may have been responsible for the 
both intake 
growth, and one 


differences in food and 
‘an only speculate 
whether a compulsory inerease or de- 
erease in protein intake would have 
the 


growth of these two children. 


increased or decreased rate of 

The same consideration applies for 
the infants studied by Nelson,** Jeans 
and Stearns,“* and Fomon and May.** 
Infants studied by the earlier investi- 
gators received protein intakes be- 
3.2 and 4.3 Gm. per kilogram, 
the lib. intake of the 
fants studied later averaged 3.3 Gm. 
1% 


tween 


while ad in- 


per kilogram during the first 
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months of life and 2.5 Gm. per kilo- 


gram between 414 and 6 months of 


age. Infants in each group had 
growth curves (weight or height) 


near either the middle or lower per- 


centiles for lowa infants. Whether 
the latter would have grown more 
rapidly if given more protein and 


the former less rapidly if given less 
protein cannot be answered since the 
not 
such an answer. 
In Table 
from a previously published study“ 
which illustrate some of the diffieul- 
ties in interpreting empiric and other 
studies in ad lib. 
part of the design. Data 
sented for 20 premature infants, all 


studies were designed to give 


IIl are presented data 


which feeding is 


are pre- 
of whom reeeived a feeding mixture 
in which protein supplied 20 per cent 
of the All the 
poly-vitamin supplements but 


calories. received 
same 
no other foods. All were chosen for 
the study of self-regulation because 
they were vigorous, sucked well, and 
were able to ery and maintain good 
color and stable body temperature 
without oxygen therapy or external 
The 


weight gains for the 20 infants for 


sourees of heat. mean daily 
periods of from 8 to 25 days ranged, 
with one exeeption, from 12 to 18 
and averaged 14 grams per kilogram 


of body weight. The mean daily calorie 


intakes ranged from 85 to 150 and 
averaged 119 eal. per kilogram. The 
results were interpreted to indicate 


that when excellent nursing service 


permitted, premature infants could 
thrive on a wide range of ealorie in- 
takes. The 


however, beeause it is obvious that with 


data are reviewed here, 


a fixed feeding mixture not only did 
the total calorie intake vary but also 


THE 


the protein and mineral intake. The 
protein intake can be ecaleulated as 
having varied from 4.3 to 7.5 Gm. per 
kilogram and the minerals in the 


same proportion. The data, as meas- 
ured by the weight gain and general 
condition of the infants, indicate their 
ability to adapt to a varied ealoric, 
protein, and intake; they 
give no answer as to whether a lower 
intake within 
under the conditions 


mineral 


or higher food even 


the 
studied was preferable. 


limits and 
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plied 2.2 Gm. per kilogram (7 
cent total calories) evapo- 
rated milk formula in which protein 
supplied 4.8 Gm. per kilogram (16 
per cent of the calories), the differ- 
ences being adjusted by slight changes 
in per cent of ealories derived from 
fat. The ash content of the evapo- 
rated milk mixture and human milk 
was not determined, but from analyses 
in the literature, it can be caleulated 
that the infants fed the evaporated 
milk received approximately 2.8 times 


per 


or as an 


TABLE III. Mean Daity PROTEIN AND CALORIC INTAKES OF 20 PREMATURE INFANTS ON 
SELF-REGULATORY FEEDING* 
OBSERVATION 
AGE AT MEAN MEAN DAILY DAILY INTAKE 
START DURATION WEIGHT WEIGHT GAIN CALORIES PROTEIN 

SUBJECT (DAYS) (DAYS) | ( KG.) (GM./KG. ) ( PER KG. ) (GM./KG. ) 
S5 8 10 1.7 14.0 85 4.3 
113 9 9 2.2 14.2 94 4.7 
Kil 7 16 2.2 13.4 94 4.7 
Gl4 6 21 1.9 14.7 100 5.0 
Wi2 ; 25 2.0 13.7 101 5.1 
Os 16 9 1.7 15.0 104 5.2 
cg 14 11 2.3 13.0 106 5.3 
F3 12 16 2.1 16.1 107 5.4 
c2 12 15 2.4 12.3 115 5.8 
C10 13 9 2.4 18.2 115 5.8 
M19 45 15 3.3 12.4 121 6.1 
C16 g 13 2.0 9.0 125 6.3 
H18 20 14 3.2 16.0 128 6.4 
H6 28 15 25 14.0 132 6.6 
C1 19 8 3.1 15.0 135 6.8 
J17 32 12 2.1 12.0 139 7.0 
T15 20 14 2.1 14.7 140 7.0 
W7 15 14 2.4 18.3 144 te 
820 31 16 2.1 14.5 149 
G4 21 11 2.0 13.5 150 7.5 
Mean 17 14 2.1 14.2 119 6.0 
*Feeding mixture consisted of 18 Gm. of powdered ‘-skimmed milk, 12 Gm. of added 

carbohydrate, and diluted with water to 150 ec.c. (1 c.c. 0.8 ca 


Controlled Studies of Pre mature In- 


fants.—The rate of weight gain of 
premature infants has been deter- 
mined in two studies in whieh the 


calorie intake per kilogram of body 
was kept the same but the 
of ealories derived 
protein different. In the 
study'* infants were fed 120 eal. per 


weight 
percentage from 


was first 


kilogram per day either as processed 


human milk in which protein sup- 


as much ash as well as 2.2 times as 
much protein as the infants fed hu- 
man milk. Over a 21-day period, the 
infants fed human milk gained 12.5 
grams per kilogram of body weight 
per day and those fed the higher pro- 
tein intake 14.1 grams per kilogram 
of body weight day, dif- 
ference significant at between the 1 
For infants be- 


per a 


and 5 per cent level. 
low the mean weight of approximately 
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1,600 grams, the weight gains were 11.7 
and 14.9 grams per kilogram of body 
weight per day, and this greater rate 
of gain on the higher protein diets 
was also significant at between the 1 
and 5 per cent level. Discussion of 
the further increase in weight gain 
which took place when a feeding mix- 
ture with low fat as well as high pro- 
tein content was used is not perti- 
nent here because of the differences 
in fat intake. Since intake 
was adjusted to actual weight and 
the infants on the evaporated milk 
mixtures were gaining more rapidly, 
one can caleulate that they received 
approximately 2 


ealorie 


per cent more total 
calories over the 21-day period but 


gained 13 per cent more weight. 
This is in accord with observations 
of rats fed high and low protein 


38 


diets,** ** to be diseussed later, and 
also with a study of full-term in- 
fants. 

Harris compared the rate of weight 
gain of a group of 
received a mixture of 2 parts evapo- 
rated milk and 3 parts water with no 
added carbohydrate with that of in- 
received a mixture of 1 


116 infants who 


fants who 
part evaporated milk, 2 parts water, 
and 5 to 8 per cent added carbohy- 
irate. Sinee the of intake 
estimated for the second month was 


volume 


the same, one can caleulate that the 
infants fed the mixture without added 
carbohydrate ingested approximately 
20 per cent less calories and 20 per 
cent more protein to give the same 
total weight gain. 

In the second study of premature 
infants, two groups of infants were 
fed either processed human milk or 
milk preparation designed 
to simulate human milk.*® The feed- 
ings gave virtually the same _per- 


a cow’s 
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centage of calories as protein, 10.6 
and 11.1 per cent, respectively, but 
the ash content of the milk 
preparation approximately 2 
times higher than the human milk 
which it ‘‘simulates.’’ (Although 
the information is publie,*® this dif- 
ference content of hu- 
man milk and the cow’s milk prepa- 
‘rations designed to 


ecow’s 


was 


between ash 
resemble it is 
sometimes not recognized by physi- 
cians subjected to advertising pres- 
sures. ) 

A third group of infants was fed 
a partially skimmed cow’s milk prep- 
aration reinforced with carbohydrate 
and diluted with water, but this feed- 
ing differed not only in protein and 
ash content (the use of a earbohy- 
drate preparation containing sodium 
chloride made its total 
4.1 times higher than 
human milk) but 
carbohydrate content. 
age, all of the infants 
eal. per kilogram per day for the 3- 
week period of study, this low intake 
being dictated by previous nursing 
and medieal customs of the hospital 
nursery. The infants fed the 
protein cow’s milk preparation gained 


ash content 
that of the 
also in fat and 
On the aver- 
received 82 


low 


10.6 grams and those fed human milk 
7.9 grams per kilogram of body weight 
per day, the differences being signifi- 
eant at the 5 per cent or less level. 
Since the only difference between these 
two feedings was in the ash content, it 
is reasonable to accept a causal relation 
between the changes in ash content 
How- 
ever, it does not seem justified to at- 
tribute the weight 
noted with the 4% skimmed milk mix- 
ture, either in the 
study,'* to content 


and the change in weight gain. 


inereased gain 


this or in first 
increased 
when the feeding mixtures compared 


ash 


514 rHE 
differed in protein and fat as well 
as in ash content. 

Although the 


aware of factors 


investigators were 
requiring concern 
about partial coefficients of correla- 
tion, their discussion of renal handi- 
caps in eleetrolyte and water excre- 
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infants siudied were adequate to 
avoid edema which may oceur over 
short periods and with a sudden 


change in diet.? 

The differences in weight gain noted 
by Kagan for the infants fed low and 
high protein were not as large as in 


THE EFFECT OF DIET ON RELATION OF WATER 
BALANCE TO WEIGHT GAIN OF PREMATURE 
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Fig. 2 The relation of water 


retained to weight gain was determined 


in previous studies 


of water metabolism." 


that the 
gains noted in the 


them to 
increased weight 


tion lee suggest 
first study were due to inordinate 
water retention. There is no support 
for this view either in the studies of 
Wallace and 


or in Fig. 2 


rats by his associates” 
which presents data from 
published studies of water balance in 


premature infants.*' Apparently, the 


homeostatic powers of the premature 


the first study, but it may be that the 
low ealorie intake required greater 
use of protein as a souree of energy 
and diminished the opportunity of 
showing differences due to its pecu- 
liar value for synthesis. 

In both of these studies only a 
weight gain over a 21-day period un- 
der cireumstanees in whieh the gen- 
eral elinieal condition of the infants 
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was deemed satisfactory was consid- 
the eriterion for judging the 
and this 
view of healthy progress is certainly 
Greulich* has re- 


ered as 
feeding mixtures, limited 
open to criticism. 
ported a comparison of the physical 
growth and development of Amer- 
ican-born and native-born Japanese 
children. He found the California 
Japanese children to be taller, heav- 
skeletally 
than the native Japanese children, 


ier, and more advanced 
presumably because of a more limited 
diet and other less favorable environ- 
mental conditions in Japan. The in- 
creased height and bone age reported 
by Brueh* for children with poly- 
phagia make it reasonable to accept 
that Greulich’s findings are at least 
partly attributable to dietary differ- 
ences. 


When 


whether this increased rate of growth 


one questions, however, 
is in itself good, there is no answer. 
Bigger is not necessarily better, but 
neither is it necessarily worse. In 
our current coneern with the possi- 
bly harmful effects of overeating on 
degenerative vascular disease, it is 
that not 
teria coneerning gains in weight and 


important we diseard eri- 
height which have stood us in good 
stead for many years in estimating 


The 
data coneerning the relation of nu- 


the progress of young infants. 


trition to longevity* are sufficiently 
unsettled to lead us to hesitate before 
implying a_ significant relationship 
between intake of nutrients in early 
infaney, such as protein and the un- 
saturated fats of cow’s milk, and de- 
generative vascular disease in adults, 
even deposition has 
infantile 


Whether habits of overeating in early 


though lipid 


been noted = in aortas. 
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infaney condition eating pat- 


terns of significance for vascular dis- 


may 


ease in later life is another matter. 


THEORETICAL FORMULATION OF THE 

PROTEIN REQUIREMENTS OF INFANTS 

Hegsted*® has made theoretical esti- 
mates of the protein requirements of 
infants. These are essentially esti- 
mates of a minimum requirement de- 
rived from ealeulations of: (a) basal 
(b) an amount 
growth on the assumption that total 


metabolism, for 
tissue gained is 18 per cent protein, 
and (¢) an allowance of 10 per cent 
of the sum of these two to allow for 
The 


protein, 12.5 mg. of 


losses in feces. allowanee for 
**maintenance’”’ 
protein per basal calorie, is estimated 
from the urinary nitrogen excretion 
of animals of different species on in- 
amounts of 


takes of no or minimal 


nitrogen.** No allowance is made by 
the author for inereases in urinary 


nitrogen, stemming from the protein 


ingested to eover the basal ealo- 
ries or the growth allowanee which 
during the first half year is 


larger than, or as large as, that caleu- 
lated 
dermal 


for the basal ealories, nor for 
The 


probably aware of some of these con- 


exeretion. author is 
siderations, but he sweeps them aside 


with the statement: ‘‘We are not as 


much coneerned here with the ab- 
solute amount, except that it is of 
the order of magnitude of 12.5 mg. 


” 


protein per basal calorie.’’ This gen- 


eralization is difficult to understand. 
Does it mean that 


one may reasona- 


bly estimate minimal protein require- 


ments in relation to basal calories up 
to 50 per cent but not 100 per cent 
12.5 


And if one is not econeerned with the 


more than me. calorie ? 


per 
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absolute amount, how can one use it 
for the extensive calculations which 
the author has made for infants and 
children up to 18 years of age, allow- 
ing for variations due to differences 
in growth but not for variations due 
to individuals? 
The protein requirement as estimated 
ranged from 2.3 to 2.4 Gm. per kilo- 


differences between 


gram during the first month down to 
1.4 to 1.5 Gm. per kilogram by the age 
of 41%4 months. This happens to be 
not different the 
intakes of breast milk determined in 
ad lib. feedings of infants by Fomon 


very from actual 


and his eo-workers,** ** but as a mini- 
mum requirement, it throws doubt 
on the use of breast milk as a guide 
to 
theoretical objections noted, we do not 
believe that these theoretical formu- 
lations contribute to determination of 
either in this 
This | still 
requires actual testing of the effect 
on health of different 
levels of intake of protein supplied 


‘safe’? allowanees. In view of the 


protein allowances 


country or elsewhere. 


growth and 


in different diets. 


EXPERIMENTAL STUDIES IN 


INFANTS AND ANIMALS 


Balance Studies.—This 
brings us to a consideration of some 


Nitrogen 


of the data on nitrogen retention of 
infants fed different levels of protein 


in the diet which have been used 
in diseussion of protein allowances. 
These may at first consideration, 


particularly by their collectors, ap- 


pear precise, but for reasons which 


have been and will be discussed they 


have aetually been condemned as 


sourees of precise misinformation.*® 


Furthermore, when one 


compares 
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milk, 
compares complex foods with differ- 


human milk with cow’s one 
ences other than protein content, and 
only some of these may be known.*' 
Finally, the use of the term biologic 
value™ ** only in terms of nitrogen 
retention carries the same danger as 
use of the high-power objective lens 
of a microscope in scanning tissues. 


Comparison of human and cow’s 
milk: Two studies have compared the 
nitrogen retention of infants fed 
human and milk mixtures 
modified to give similarly low levels 
of protein intake. In one study of 
premature nitrogen 


cow’s 


infants, reten- 
tions were measured in two groups 
of 4 babies, each group fed on the 
average approximately 120 eal. and 
2.8 Gm. of protein per kilogram per 
day.°* Similar nitrogen retentions 
but the investigators 
pointed out that this level of intake 
was well above what was generally 
regarded as a minimum and that the 
periods of study (total was 25 days 
in to 


If proper sta- 


were found, 


each group) were too short 
assess biologie value. 
tistical analyses had been made of 
these data, it would have been obvi- 
ous that the data were inadequate 
to permit the impression given that 
human and cow’s milk had protein 
the 


when the latter was considered in so 


of same biologie value, even 
narrow a frame of reference as ratio 
of nitrogen retained to nitrogen ab- 
sorbed. 

In a second study retentions were 


measured in 9 full-term infants fed 
lower protein intakes than in the first 
1 to 3 Gm. 


Although 


study (nitrogen x 6.25 
of protein per kilogram).*° 
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it was reported that the nitrogen reten- 
tions and weight gains were virtually 
the same, scrutiny of the experi- 
} mental procedure and _ statistical 
analysis of the results make these 
conclusions unwarranted. Further- 
more, the weight gains on these low 
intakes were frequently unsatisfac- 
tory, particularly in the observations 
on cow’s milk. In 8 of 17 observa- 
tions on cow’s milk and in 3 of 10 
observations on human milk, the 
gains were less than 20 grams daily, 
which is in itself a barely acceptable 
“ate of gain for infants during the 
second month of life. Neither study 
fulfills statistical criteria which would 
permit one to state that the nitrogen 
retentions were the same or differ- 
ent,°® let alone attempt to equate 
biologie value. Yet, such conclusions 
have been drawn from these data.” 

In the studies of Fomon and his 
colleagues,*® *® nitrogen retentions 
were measured for infants fed either 
human or cow’s milk over intermit- 
tent periods up to six months. The 
ad lib. method of feeding, the ‘‘home- 
like’? atmosphere of the metabolic 
unit, the meticulous methods used in 
measurement, and analysis of intake 
and output in this metabolie unit 
with its long record of high repute 
yielded valuable data, but unfortu- 
nately the amount of cow’s milk fed 
as a ‘‘simulated human milk’’ gave 
higher protein intakes than those fed 
human milk. Thus, no comparison 
of ‘‘biologic value’’ can be made 
from these studies, although the data 
are valuable in other respects. 

The analysis of these three studies 
does not mean that the ingestion of 
equal amounts of human and cow’s 
milk protein will lead to equal or 
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different retentions; it says only that 
the data are not adequate to permit a 
conclusion either way. 


Studies of amino acid metabolism: 
Since the adequacy of dietary pro- 
teins is presumably based on their 
content of essential amino acids, one 
might expect studies of amino acid 
requirements such as those of Holt 
and Snyderman and their co-workers 
to yield meaningful data on protein 
allowances. These studies were simi- 
lar to those previously made by Rose 
and his associates in adults. The 
latter investigators fed groups of 3 
to 6 normal male adults synthetic 
diets in which the nitrogen was sup- 
plied by mixtures of pure amino acids 
with added urea, glycine, or both and 
the energy and minerals were sup- 
plied from specially prepared wafers. 
Fat and water-soluble vitamins were 
given as supplements and, when 
necessary, added calories from butter 
fat and sucrose.*® The investigators 
noted that when either mixtures of 
purified amino acids or hydrolyzed 
-asein were used, the caloric intake 
necessary to convert a negative into 
a positive nitrogen balance was 


higher than when casein was fed as 
the source of the amino acids.*® This 


suggests that the whole is greater 
than the sum of its known parts and 
is an important consideration in the 
interpretation of all data which are 
used for interpretation of protein 
allowances in terms of amino acid 
composition. 

In the studies from which quantita- 
tive estimates were made, the objec- 
tive was to discover for each of the 
essential amino acids the minimal 
intake which was capable of permit- 
ting positive nitrogen balance when 


51S 


the diet furnished sufficient quantities 
of the other essential amino acids and 
an adequate supply of nitrogen for 
synthesis of the nonessential amino 
acids.“ *' In arriving at a minimal 
figure, we followed the procedure of 
inducing a negative nitrogen balance 
by decreasing the intake of the amino 
acid under study by 100 mg. a day 
and then raising the level by 100 mg. 
increments until a positive balance 
was attained. The figure for a mini- 


mum requirement in each subject 
thus represents the daily intake in 
grams per day below which a 100 mg. 


deerement produced a negative bal- 


anee. Beeause of the small number 
of subjects studied, it was suggested 
that the maximum rather than the 


mean figure be designated tentatively 
as the requirement, that one desig- 
nate twice the maximum as a safe 
daily intake, that an optimal 
intake might be still higher. We have 
made a statistical analysis of these 
data find that the 
figure found for methionine could be 
90 


the populace, for leucine, lysine, phe- 


and 


and maximum 


ealeulated to cover per cent of 


nvlalanine tryptophane, and valine be- 


tween 80 and 90 per cent, and for 


isoleucine and threonine less than 80 
per cent of the populace. One can 
further caleulate that to cover 99 per 
cent of the population the amounts 
needed vary from 116 per cent of the 
for isoleucine to 
These 


calculations have been presented in 


maximum observed 


272 per cent for threonine. 


some detail beeause Rose’s doubling 
of the maximum figure observed as 
a guide to a safe intake has been 


criticized; some justification of his 


procedure is supplied by this analysis, 


is certainly more in 


and the poliey 
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accord with customary thinking about 
ample allowances of food. 

In the studies of infants by Holt 
and who at 
first proteins and 


63, 64 


his co-workers,** 


used hydrolyzed 
later mixtures of pure l-amino acids, 
the nitrogen weight 
gain of infants were determined be- 
fore and after reduction in the in- 
takes of single amino acids. An 
exciting but unfortunate finding for 
the purpose of the investigators was 
that an 
essential 
mitted 

The investigators 
pelled to 


retention and 


even complete removal of 


amino acid sometimes per- 


nitrogen balanee. 


thus 


positive 
were com- 


use changes in slope of 
weight gain or differences in degree 
of positive nitrogen balance to judge 
‘*minimum’’ requirements. Further- 
more, the difficulties of confining in- 
fants for prolonged metabolic studies 
and the lack of a sharp endpoint such 
as that available to Rose led to some- 
thing less than a systematie graded 


’? 


withdrawal of the amino acid studied. 
The results data not 
lend themselves to statistical analysis 


are which do 
such as that used for the data of Rose 
and his colleagues. Although an an- 
swer to the question of minimum re- 
quirements is not forthcoming from 
the extensive studies, the apparently 
positive nitrogen balances with de- 
creases in slope of weight gain even 
has 
been completely the 
diet, and the inereased ealoric intake 


when an essential amino acid 


removed from 
noted by these investigators as well 
as by Rose are challenging findings. 
The first suggests some peculiarity of 
metabolism of infants, the latter that 
these diets are lacking in some per- 
haps unknown factor or factors. 
Holt® has reported that even with 
the increased calorie intake the diets 
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become inadequate after 6 months. 
The implication is again strong that 
a good food like milk is greater than 
the sum of its parts, whether one 
considers this in terms of missing 
factors or imbalance between those 
present.®* ®**S Under these cireum- 
stances, one can use the known amino 
acid content of human or cow’s milk 
as a eriterion in designing studies of 
infants, but one has to expect dis- 
appointment in trying to judge al- 
lowaneces of whole proteins from 
studies other than those in which 
proteins are fed. 


Comparison of nitrogen retention of 
infants fed different levels of protein: 
In general, studies of nitrogen reten- 
tion of young infants fed different 
levels of protein have indicated that 
the higher intakes result in higher 
retentions whether these are referred 
to body weight or body weight gain. 
In studies of premature infants the 
daily retentions from diets which 
supplied 6 to 10 per cent of the ealo- 
ries as protein were 229 + 6 mg. per 
kilogram of body weight as compared 
with retentions of 315 + 9 mg. per 
kilogram from diets in which protein 
supplied 13 to 20 per cent of the 
ealories.©** The difference of 86 mg. 
per kilogram was almost 8 times the 
probable error of the difference. The 
higher retentions noted with higher 
intakes and the fact that the reten- 
tions were higher than those found 
by others in full-term infants at 
equivalent intakes were interpreted 
as due to the greater rate of growth 
of premature infants and the lower 
concentration of nitrogen in their 
bodies at birth. 

In full-term infants studied inter- 
mittently over periods extending up 
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to 6 months and more by Nelson, 


Jeans and Stearns, and = more 


recently by Fomon and May," the 
retentions of nitrogen were higher in 
a group of infants fed diets contain- 
ing protein which ranged from 3.5 
to 4.2 Gm. per kilogram than in in 
fants fed between 3.8 and 1.8 Gm. 
of protein per kilogram. In Harri- 
son’s study,”° however, 4 out of 5 in- 
fants of 4 to 7 months of age had 
virtually the same nitrogen retention 
when fed equicalorie cow’s milk mix- 
tures in which protein supplied 10, 
15, or 20 per cent of the calories. 
Objections have been raised to ae 
eeptanee of the conclusions that in- 
creased protein intakes by rapidly 
growing subjects usually produce 
increased nitrogen retentions. These 
objections have been both method- 
ologie and ideologie. The former refer 
to the difficulties in proper perform- 
ance of balance studies. Variations in 
quality of data are due to unmeasured 
regurgitation, unmeasured residua on 
the inside of nipples and bottles, and 
unmeasured urinary, feeal, or dermal 
excretion. Unfortunately, these are 
all cumulative, tend to summate in 
the direction of suggesting increased 
retentions, and are exaggerated 
whenever the experimental diets are 
higher rather than lower in content 
of the nutrient studied. These were 
minimized in rigorous metabolic units 
such as the air-conditioned unit de- 
veloped in the Cornell Department of 
Pediatrics by Levine. However, there 
are other handicaps: the number of 
infants studied and the duration of 
studies are limited by the magnitude 
and expense of the efforts required 
and by the lifted eyebrows of psy- 


medical and 


chologieally oriented 
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nursing colleagues. Even though the 
artificiality of life in a metabolic unit 
ean be decreased by techniques such 
as those early used by Jeans and 
Stearns and more recently by Fomon 
and May and their co-workers in the 
Department of Pediatrics at the 
University of Iowa, life in a metabolic 
bed, as in any hospital bed, cannot 
be considered a natural habitat, even 
an infant. Such considerations 
have led to a dictum sometimes over- 


for 


hard-working investiga- 


metabolie studies, like so 


looked by 
that 
many other physiologic studies, de- 
seribe what may happen, not what 
must happen; metabolic data must be 


tors, 


eolleeted and analyzed precisely in 


order to permit even a semiquantita- 
tive eoneclusion, as for example that 
by young 


higher intakes 


premature or full-term infants lead to 


protein 


higher retentions than do lower pro- 
tein intakes. 


Studies of Animals.—The ideologi- 


eal objection to this econelusion is 
essentially the implication that if in- 
fants fed high protein retain more 


nitrogen than infants fed low protein, 
their bodies will differ in eomposi- 


tions. Wallace and his associates” 
and May" have recently restated 
this argument ecogently. May has 


questioned the validity of both the 
old and new data on nitrogen reten- 
tion in relation to body weight gain 
fed Wallace 


co-workers have determined 


if infants ecow’s milk. 


and his 
the 


rats 


composition of weanling 
after 20 


experimental diets of 


body 
to 25 days on 
the 
high protein-high electrolyte 


studied 
following 
types: 


IIPILE), high protein-low electrolyte 


(IIPLE), low protein—high electrolyte 
LPHE 


trolyte 


and low protein—low elee- 


(LPLE). Protein supplied 
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19 and 9 per cent of the total calories 
in the high and low protein diets, 
respectively, carbohydrate 28 and 38 


per cent, and fat 53 per cent. The 
salt mixtures imitated the ionic 


‘atios found in fat-free cow’s milk, 
and a vitamin mixture was added to 
the diets in amounts ealeulated to 
make them equal. All animals had 
been weaned to a commercial feed of 
proved adequacy for and 
health of the albino rat before trans- 
fer to the experimental diets which 


growth 


were given for 20 to 25 days, a length 
of time which allowed approximate 
for the most 

In two other 


doubling of weight 
slowly growing groups. 
groups of animals, HPHE and LPLE, 
only food consumption and weight 
gain was measured. The experimental 
procedure is attractive because the 
two levels of protein used are ap- 
proximately the extremes of those 
commonly employed in artificial feed- 
ing of infants. 

As in other studies of animals, the 
relative 


investigators found a con- 


staney in nitrogen, water, and ash 


eoneentration of the final fat-free 
body weights in the two groups. 
There were certain differences be- 


tween the animals fed high and low 
protein, which suggest an answer to 
the ideologie problem. These are the 
differences in rates of accretion. The 
average daily total weight gain of 
the animals fed high protein was ap- 
proximately 80 to 90 per cent higher 
than that of animals fed low protein. 
Since the final body concentration of 
protein was the same in both groups, 
obviously the former stored more 
nitrogen than the latter, both as total 
nitrogen and as total nitrogen per 
kilogram of average body weight per 
Even though the protein con- 
of the weight gain is 


day. 
centration 
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ealeulated to be the same in the two 
groups, it is possible that if they had 
been sacrificed for after 
shorter periods on the diets, that is, 
before they had reached a constancy 
of composition of 20 Gm. of protein 
per kilogram of fat-free solids, differ- 
enees in protein concentration of the 
weight gain would have been found. 
Repeated analyses of carcasses of 
animals and the few analyses of the 
of humans that 
‘chemical maturation’’ consists, in a 
narrow nonfunctional sense, of an in- 
crease in protein and decrease in 
water concentration of the fat-free 
body weight or ‘‘lean mass’’ of the 
In the ease of the rat this 
means a change in concentration of 
protein from 9 per cent of fat-free 
solids at birth to 15 per cent at time 
of weaning (which is when studies of 
effect of differences in diet can easily, 
and therefore usually, begin) to 20 
per cent as the equilibrium or ‘‘mat- 
uration’’ point.”*? In the human the 
small amount of data from chemical 


analysis 


bodies indicate 


body. 


analysis of the body indicate changes 
in protein concentration of fat-free 
solids from 14 per cent at birth to 
19 per cent in adult life.” 

In relating nitrogen balance studies 
to composition of body gain of in- 
fants, one has dealt until now only 
with total gain 
changes in the proportion of the total 


weight in. which 
body weight contributed by changes 
in water, fat, and muscle mass have 
If 
estimating lean body mass by studies 
of helium “an be 
adapted to infants, the results of 
these plus estimation of changes in 


not been estimated. methods of 


displacement 


water content of the body plus esti- 
mation of changes in muscle mass, 
e.g., from 
might give a basis for reference that 


creatinine coefficients, 
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would make carefully collected nitro- 
gen balance data more acceptable. 
On the other hand, one would still 
have to question the significance for 


infant feeding of such data, if 
and when obtained, for statistical 
reasons already mentioned, i.e., the 


limitations of extrapolation from the 
metabolic unit to the infant populace 
at large. The technical problems in 
balanee studies, particularly the eus- 
tomary failure to 
excretion, plus the 
siderations, tend to make all results 
at only semiquantitative.  Fi- 
nally, the results of studies 
fail to describe what is perhaps more 
important, namely, whether the in- 
fant fed higher 
differently from the infant fed low 


measure dermal 


statistical con- 
best 
such 


protein functions 


protein. 


SOME EXAMPLES OF DIFFERENCES IN 
FUNCTION AS A RESULT OF 
DIFFERENCES IN DIET 


difference 
difference 


One of a in 


funetion 


example 
as a result of a 
in diet is seen in the data on utiliza- 
tion of foodstuffs. In the studies of 
Wallace and his colleagues,** the food 
intake of two groups of animals was 
accurately measured for a period of 
23 days. The high protein animals 
ate 12 per cent less food by weight 


(14 


weighed 12 per cent more than the 


per cent less calories) and 


low protein animals. Calculating the 
salories utilized for physiologic ac- 
tivity indicated that the low protein 
animals expended 175 eal. more per 
animal during the period of observa- 
tion and showed increased spontane- 
ous activity which had been previously 
manifestation 
On the 
basis of food, urine, fecal, and carcass 


noted by others as a 


of nutritional inadequacy. 
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analysis in rats fed diets with differ- 


ent levels of protein, paired either 


gain or equal food 


noted 


weight 
Hamilton*®® similar 
the the 


food ingested to nitrogen 


to equal 
intake, 
differenees in relation of 
amount of 
retention and weight gain. A similar 
conclusion may be drawn from previ- 
ously mentioned observations of pre- 
mature's and full-term infants.™ 
Another 
of diet 
long been considered that a good diet 
and 


the 
has 


area of interest is in 


relation to infection. It 


protects against infection mor- 


bidity or mortality therefrom. Some 
of the elinieal and laboratory findings 
which must to interpret are 


one try 


as follows: 

a) Famine and pestilence go to- 
gether, but the unsanitary conditions 
both, than 


the famine alone, may be 


which accompany rather 
responsible 
for the pestilence. 
(b) Children 
been severely lacking in protein and 
do the 


pieture of kwashiorkor may develop 


whose diets have 


who not yet show classical 


the full-blown picture as the result of 
aeute infectious diarrhea, malaria, or 


contagious diseases of ehildhood.*® 


ce) The development of active 
tubereulosis lesions in adolescent chil- 
dren has been related to previous 


depletion of ‘‘protein reserves,’’ as 
measured by high nitrogen retentions 
when these children were placed on 
adequate diets.*® 

d) Patients with hypoalbumi- 
produce fewer antibodies in 
than 


those with normal serum proteins. 


nemia‘? 


response to antigenie stimuli 


e) Animals fed low protein diets 


have shown diminution™ or no 


change’ in’ response to antigenic 


stimuli. 
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(f) In experimental animals high 
protein diets have increased or failed 
to increase the rate or time of survival 
after injection of bacteria. Dubos and 
Schaedler*® have reported that in mice 
on a diet adequate to produce similar 
weight gains greater susceptibility oe- 
eurred on an 8 per cent casein diet 
than on a 20 per cent casein diet. They 
also reported that supplementation of 


the former diet with an amino acid 
mixture to the level of the organic 
nitrogen content of the latter de- 


ereased the susceptibility of the mice. 
The investigators believe that their 
use of young growing mice may have 
sharpened and made the results of 
their experiments 
than the 
sults in the literature to which they 
With some viruses, on the other 


more consistent 


some of controversial re- 


refer. 
hand, low protein diets have led to 


a greater survival, and with some 


there have been cyclic changes: 
during the early days of low protein 


feeding the survival rate is dimin- 
ished, to be followed by increased 
survival as the low protein diet is 


continued, and finally by decreased 


survival as protein depletion con- 
tinues.*? 
Demonstration of differences ap- 


parently depends both on the organ- 


ism used (virulence, intensity of 


exposure, and species, i.e., whether 
baeteria, viruses, protozoa, helminths, 
or Rickettsiae) 


may 


and the host, whose 
be 
genetic constitution, dietary intake, 


reactions conditioned by 


as of protein or vitamins, steroid pro- 
duction or administration, and previ- 
organisms anti- 


exposure to or 


In view of the complexity 


ous 
vens.>- > 


of the factors affecting the course of 
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warned 
to tread 
lightly. Clinicians must be even more 


infeetions, Schneider®* has 


experimental nutritionists 
cautious in the interpretation of the 
relation of diet to human infections; 
this, of course, does not mean that one 
push aside the need for maintenance 
of good nutrition in patients suffer- 
ing from acute or chronie infections. 

The of 


foodstuffs noted, differences in anti- 


differences in utilization 
body produetion, and the course of 
infection as a result of differences in 
protein intake bespeak differences in 
intracellular of nu- 
trients and these might be expected 


transformation 


to be mirrored in changes of enzyme 
activities. Such 
summarized by Knox and his associ- 


changes have been 


ates.*° Some enzymes which directly 
with the protein 
content of the diet, either by an in- 


vary in activity 
erease or a decrease or both, are liver 
xanthine 
alanine-glutamie 


uricase, 
ade- 
nosinetriphosphatase, and pancreatic 
Others 
liver 


oxidase, arginase, 


transaminase, 
which show 


trypsin. no 


change are eatalase, muscle 
adenosinetriphosphatase, and kidney 
xanthine oxidase. 

The reviewers are careful to point 
out that these changes may represent 
the 


metabolism but do not 


mechanisms of importance for 
regulation of 
carry a necessary implication of in- 
crease or decrease in fitness to sur- 
vive. For example, the hypertrophy 
of the kidney in response to high pro- 
tein feeding has been long known.** 
This findings has been used as a ra- 
tionale for recommending a low pro- 
tein diet for patients with chronic 
and acute nephritis, and the danger 


of work hypertrophy has been cited 


as a reason for recommending low 
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protein feedings of young premature 
and full-term infants. 


has been recently shown that 


However, it 
high 
protein feeding increases renal con- 
eentrating ability both in adult hu- 


ss 


mans and rats.**: How shall one 
judge whether increasing the load 


of solutes claiming excretion by the 
kidney of the young infant decreases 
or inereases his powers of adaptation? 
How 


‘exercise’? in making the liver, the 


does one balance ‘‘rest’’ and 
heart, the kidney more fit for stress? 
Are there necessary detoxifications in 
the human that would be aided by 
high protein feeding just as detoxifi- 
of the 


dog®® is aided by high protein feed- 


cation 2-amino-fluorine by 


ing? These considerations may be of 
no importance at the levels of protein 
intake about which there is contro- 
versy in this country, but they may 
in areas of 


be very important pro- 


longed low protein consumption. 


SOME ADDITIONAL COMMENTS AND 
PRACTICAL CONCLUSIONS 

It is obvious that the data are not 
adequate to permit a decisive recom- 
mendation for cither ‘‘safe  mini- 
mum’”’ 
report of the F.A.0. or for the ample 
allowanees which are the goal of the 
Food Nutrition Differ- 


ences in interpretation which 


protein allowances as in the 


and Board. 

arise 
may be likened to the differences in 
colorimeter readings one obtains with 
different 


cerned with parathyroid-renal home- 


filters. Pediatricians con 
ostasis and the oeeurrenee of tetany 
in very young infants who have been 
fed 


cow’s milk without added earbohy- 


excessive amounts of undiluted 


drate wish the protein allowances set 
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low in the hope of assuring low in- 
and, therefore, 


with 


takes of cow’s milk 


of phosphate. Coneern handi- 
caps in renal homeostasis which may 
permit development of hyperelectro- 
lvytemia under stress of water depri- 
vation or excessive water loss also 
leads to preference for lower protein 
the direct coneern 
is really for more water. The biolo- 


takes as his guide the protein 


intake, although 
gist 
infants, and in 
indieating a 


intake of breast-fed 
the 


marked inferiority of cow’s milk to 


absence of data 


human milk protein, he considers it 
unphysiologic to recommend a ecow’s 
protein allowanee which is 75 
than that 
This view neglects 


milk 


per cent higher ingested 


in human milk. 
the possibility that decreases in cow’s 
milk intake to equivalent protein in- 
take may excessively lower the intake 
of other important nutrients in cow’s 
milk. Unwillingness to try to modify 


cow’s milk to resemble breast milk 


might even be considered evidence of 


greater faith in the biologie value of 


breast feeding. The internationalist 


confronted by loeally decisive food 


habits and shortages of animal pro- 


teins and money welcomes a lower 


recommendation, particularly as a 


guide to further studies. Manufae- 


mixtures will 
both 
depending 


(A 


Information 


turers of proprietary 


be found on either or sides of 


the 


vested 


problem, on their 
Physicians’ 


Child 
protect 


interests. 


Couneil for on 
Health 


physicians from at least the less sub- 


has been formed to 
tle misinterpretations of inconclusive 
data.) 
to infant 
both as a reaction to past rigid feed- 


The psychological approach 


feeding, now so popular 


ing practices and as part of the gen- 


eral psychiatric orientation of the 


populace, trusts the mother’s inter- 
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pretation of the infant’s hunger to 
decide his food intake. The infant’s 
and the personalities, 
well as the source of the counselling 


mother’s as 


feeding, become the deter- 
In this country this leads 
Finally, 
be ealled 
He 


decades 


on infant 
minants. 

to a high 
one comes to what might 


protein intake. 


a pragmatist’s approach. 
that 
overwhelming majority of the arti- 
ficially fed healthy infants in this 


says 


since for several an 


country have received feeding mix- 
tures in which protein supplied ap- 
proximately 15 per cent of the eal- 
ories and since the intakes 
of 100 eal. per kilogram represents 


average 


approximately 3.5 Gm. of protein per 
kilogram, why not recommend this as 
the extent that 
recommendation 
critical 


the allowanee? To 


such a interferes 
the 
of minimal 
which cannot afford ample ones, this 
under- 


with eonduct of studies 


allowances in countries 
view is untenable; a clear 
standing of both the purposes of the 
Recommended Dietary Allowances and 
the nature of the evidence on which 
they are based should prevent such 
a result. 

As stated earlier, 
preferred that the Food and Nutri- 


we would have 


tion Board accept 3.5 Gm. per kilo- 
gram as the recommended daily pro- 
tein allowanee rather than the lower 
ones suggested by Civorgy and other 
advisors. In essence our opinion was 
derived the failure of the evi- 
denee now available to contradict the 
American 


from 
formulations of eminent 
pediatricians whose extensive experi- 
ence included opportunities to ob- 
serve both high and low protein feed- 
Personal experience with the 
hunger of infants fed 
per kilogram makes us unwilling to 


milk 


Ings. 


even 3.5 Gm. 


reeommend intakes of cow’s 
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Al- 
though the determinants of food in- 


which would give less protein. 
take are complex,*” * 
unmet nutritional 
may make the intake of 3.5 Gm. and 


the possibility 
exists that needs 
more of cow’s milk protein per kilo- 
gram particularly 
simple mixtures easily available to 
This 
lack 


needs 


necessary, when 
the whole populace are used. 


implies that cow’s milk 
nutritional 


which 


may 

the 
by feeding 
100 
The protein allow- 


other factors, 


for are not met 


cow’s milk in amounts less than 
e.c. per kilogram. 
anee then becomes, as it should, a 
consideration secondary to the milk 
allowance. 


What practical conclusions ean one 


make for infant feeding? First, 
breast feeding of full-term infants 


should be encouraged not only for 
gratification, 
cleanliness, and simplicity but 


reasons of emotional 
also 
beeause of easily obtained nutritional 
feed- 
ing is not possible, the use of 1 part 


benefits. Second, when breast 


evaporated milk, 2 parts of water, 
and carbohydrate to make up calorie 
requirements in mixtures which give 
100 ¢.e. of cow’s milk per kilogram 
will give both ample protein and am- 
ple water in relation to solute load. 
The dilute 


feedings such as 1 part evaporated 


use of somewhat more 


milk, 3 parts water, and 5 per cent 
added (16 eal. 
ounee) during the first few days or 


carbohydrate per 
week of life will avoid undue strain 
on gastrointestinal, renal, and endo- 
crine homeostatic mechanisms of the 
Such a dilute feed- 
ing mixture was widely used several 


newborn infant. 


decades ago on the general principle 
that 
just as one shouldn’t rush new auto- 


one shouldn’t rush new babies 


mobiles; physiologic investigations 


merely supply the detailed reasons 
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for a principle which was well estab- 
lished before the general speed up 
of our way of life. The inereased use 
of proprietary preparations is the re- 
sult of subtle and not so subtle ad- 
vertising pressures on physicians who 
either have never learned, or forgot- 


ten, certain basie facts about infant 
feeding. 
In the feeding of premature in- 


fants, both metabolic and carefully 
collected data that 
they should be given more protein 


elinieal indieate 


than full-term infants. How mueh 
more is not clear, but infants have 
gained well on feeding mixtures in 
which protein supplied 16 or 20 per 
cent of the ealories. At 100 to 120 
eal. per kilogram, this is the equiva- 
lent of 4 to 6 Gm. per kilogram. No 


proof has been presented of the harm- 
fulness of such intakes, but concern 
the 
Studies of water 


has been expressed about in- 
creased solute load. 
metabolism have shown, however, that 
the lowered insensible perspiration of 
premature infants makes more water 
available for urine.“ Here again it 
is important to go very slowly dur- 
ing the first life. 


However, the problem is complicated 


week or two of 
by the fact that simple dilution of 
the feeding mixture as practiced for 
the full-term infant 
because of the inability of the infant 


is more difficult 
to suck and swallow. No generaliza- 
tions are possible because practice 
will depend on the vigor of the in- 
fant and the quality and quantity of 
nursing service. 


SUMMARY 


A review has been made of some 
empirie and experimental data avail- 
able for estimating the protein allow- 
ances of young infants. 


the 


Infants ap- 


parently thrive for first six 
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months of life on protein intakes 
which vary within the ranges con 
tained cither in’ breast milk or the 
artificial feeding mixtures custom- 
arily used in this country. The lack 
of conclusive data in support of one 
figure or another is partly a reflee 
tion of the adaptive power of in- 
fants. When breast feeding is not 
possible, the reviewers favor the 
higher protein feedings beeause of 


their simplicity. 


We are indebted to Dr. M. H. Gordon, 
Ph.D., Assistant Director, Veterans’ Ad 
ministration, Central Neuropsychiatric Re- 
search Unit, Perryville, Maryland, for 
statistical consultation. 


REFERENCES 


1. Food and Nutrition Board: Recom 
mended Dietary Allowances, Washing 
ton, D. C., revised 1953, National Acad. 
Se.—Nat. Res. Council Publication No. 
302. 

° Food and Nutrition Board: Recom 
mended Dietary Allowances, Washing 
ton, D. C., revised 1958, National Acad. 
Se.—Nat. Res. Council Publication No. 
589. 

3. Roberts, L. J.: Beginnings of the Re- 
commended Dietary Allowances, J. Am. 
Dietet. A. 34: 903, 1958. 

t. Shank, R. E.: Revised Recommended 

Dietary Allowances, J. Am. Dietet. A. 

34: 909, 1958. 

Human Protein Requirements and Their 

Fulfilment in Practice, Proceedings of 

a Conference in Princeton, U.S. (1955), 

edited by Waterlow, J. C., and Stephen, 

J. M. L., 1957, Josiah Macey, Jr., Foun- 

dation. 

6. F.A.O. Nutritional Studies No. 16: 

Protein Requirements, Report of the 

F.A.O. Committee (1955), Rome, 1957, 

Food and Agricultural Organization of 

the United Nations. 

Forbes, G. B.: Overnutrition for the 

Child; Blessing or a Curse, Nutrition 

Reviews 15: 193, 1957. 

8. Food and Nutrition Board: Maternal 
Nutrition and Child Health, an Inter- 
pretative Review by Toverud, K. U., 
Stearns, G., and Macy, I. G., Washing 
ton, D. C., 1950 (reprinted 1957), Nat. 
Res. Council Bull. No. 123. 

9. Food and Nutrition Board: The Com- 
position of Milks. A Compilation of 
the Comparative Composition and Prop- 
erties of Human, Cow, and Goat Milk, 
Colostrum, and Transitional Milk, A 
Revision of National Research Council 


. Jeans, P. C 


7. Galbraith, J. K.: 


28. Feer, E.: 





PEDIATRICS 


Bull. No. 119, Washington, D. C., 1953, 
Nat. Acad. Se.—Nat. Res. Council Pub 
lieation No. 254. 

Davis, CC. M.: Self Seiection of Diet 
by Newly Weaned Infants: An Experi 
mental Study, Am. J. Dis. Child. 36: 
651, 1928. 

Aldrich, C. A.: Seience and Art in 
Child Nourishment, J. Peprat. 1: 413, 
1932. 

Powers, G. F.: Infant Feeding, Histori- 
eal Background and Modern Practice, 
J.A.M.A,. 105: 753, 1935. 


3. Gordon, H. H., and Levine, 8. Z.: The 


Metabolic Basis for the Individualized 
Feeding of Infants, Premature and Full 
Term, J. Peptar. 25: 464, 1944. 


. Powers, G. F.: Comparison and Inter- 


pretation on a Calorie Basis of Milk 
Mixtures Used in Infant Feeding, Am. 
J. Dis. Child. 30: 453, 1925. 

Marfan, A. B.: Traité de l’allaitemente 
et de Jlalimentation des enfants du 
premier age, ed. 4, Paris, 1930, Masson 
et Cie. 

Budin, P.: The Nursling, translated by 
Maloney, W. J., London, 1907, Gaxton 
Publishing Co. 

Harris, L. E.: Infant Feeding With 
and Without Added Carbohydrate, 
A.M.A. Am. J. Dis. Child. 82: 677, 1951. 


. Gordon, H. H., Levine, S. Z., and 


MeNamara, H.: Feeding of Premature 
Infants, A Comparison of Human and 
Cows’ Milk, Am. J. Dis. Child. 73: 442, 
1947. 

Budin, P.: L’alimentation des Nourris- 
sons, Rapport A la commission des 
eréches, Obstétrique, Sept., 1896, quoted 
by Marfan.! 

Brenneman, J.: Boiled vs. Raw Milk: 
An Experimental Study of Milk Coagu 
lation in the Stomach, J.A.M.A. 60: 
575, 1913. 

Howland, J.: The Scientific Basis for 
the Artificial Feeding of Infants, Am. 
J. Dis. Child. 5: 390, 1913. 

Park, E. A.: Newer Viewpoints in 
Infant Feeding, New York J. Med. 24: 
921, 1924. 
Levin, S.: Personal Communication. 
.: Feeding of Healthy In- 
fants and Children, J.A.M.A. 142: 806, 
1950. 

Marfan, A.: Le lait coneentré et le 
lait sec, Nourrisson 18: 1, 1930. 
Marfan, A.: Remarques sur l’emploi 
des laits concentrés, Nourrisson 22: 
337, 1934. 

The Affluent Society, 
Cambridge, Mass., 1958, The Riverside 
Press. 

Lehrbuch der Kinderheil- 


kunde, ed. 9, Jena, Germany, 1926, G. 
Fisher. 

Meyer, H. F.: Infant Feeding Prac- 
tices in Hospital Maternity Nurseries, 
Pediatrics 21: 288, 1958. 











_ 








. Beal, V. A.: 


l. Beal, V. A.: 
2. Stuart, H. C., Burke, B. S., Reed, R. B., 


. Nelson, M.: 


34. Jeans, P. C., and Stearns, G.: 


. Fomon, 8. J., and May, C. D.: 


. Hamilton, T. 8.: 


40. 


. Greulich, W. W.: 


. Brueh, H.: 


. Silberberg, 


3. Hegsted, D. M.: 


GORDON AND GANZON: PROTEIN 


Nutritional Intake of 
Children. I. Calories, Carbohydrate, Fat 
and Protein, J. Nutrition 50: 223, 1953. 
Personal Communication. 


and Valadian, I.: Protein Needs of 
Children: A Preliminary Report of 
Studies of Individual Differences, Ann. 
New York Acad. Se. 69: 869, 1958. 
Growth and Nitrogen 
Metabolism of Infants Receiving Un- 
diluted Milk, Am. J. Dis. Child. 39: 
701, 1930. 

Growth 
and Retention of Calcium, Phosphorus, 
and Nitrogen of Infants Fed Evapo- 
rated Milk, Am. J. Dis. Child. 46: 69, 
1933. 

Meta- 
bolic Studies of Normal Full Term In- 
fants Fed a Prepared Formula Provid- 
ing Intermediate Amounts of Protein, 
Pediatrics 22: 1134, 1958. 


3. Horton, F. H., Lubcheneo, L. O., and 


Gordon, H. H.: Self Regulatory Feed- 
ing in a Premature Nursery, Yale J. 
Biol. & Med. 24: 263, 1952. 


37. Wallace, W. M., Weil, W. B., and 


Taylor, A.: The Effect of Variable 
Protein and Mineral Intake upon the 
Body Composition of the Growing 
Animal, Ciba Foundation Colloquia on 
Ageing 4: 116, 1958. 

The Growth, Activity 
and Composition of Rats Fed Diets 
Balanced and Unbalanced With Respect 
to Protein, J. Nutrition 17: 565, 1939. 
Kagan, B. M., Hess, J. H., Lundeen, 
E., Shafer, K., Parker, J. B., and 
Stigall, C.: Feeding Premature Infants. 
A Comparison of Various Milks, Pedi- 
atries 15: 373, 1955. 

Nelson, W. E.: Textbook of Pediatrics 
ed. 6, Philadelphia and London, 1954, 
W. B. Saunders Co., Tables 20 and 21, 
pp. 106 and 110. 


. Gordon, H. H., Levine, 8. Z., McNamara, 


H., Marples, E., and Benjamin, H. R.: 
Respiratory Metabolism in Infancy and 
in Childhood. XXIV. Daily Water Ex- 
change of Premature Infants, Am. J. 
Dis. Child. 61: 524, 1941. 


2. Gordon, H. H., Harrison, H. E., and 


MeNamara, H.: The Urea Clearance 
of Young Premature and Full Term 
Infants, J. Clin. Invest. 21: 499, 1942. 
A Comparison of the 
Physical Growth and Development of 
American-born and Native Japanese 
Children, Am. J. Phys. Anthropol. 15: 
489, 1957. 

Obesity in Relation to 
PepIAT. 19: 365, 1941. 

M., and Silberberg, R.: 
Diet and Life Span, Physiol. Rev. 35: 
347, 1956. 


Puberty, J. 


Theoretical Estimates 
of the Protein Requirements of Chil- 
dren, J. Am. Dietet. 33: 225, 1956. 





47. 


48. 


50. 


56. 


60, 


6”? 


51. Gyorgy, P.: 


2. Allison, J. B.: 


. Allison, J. B.: 


. Gyodrgy, P., and Holt, L. E., Jr.: 


11. Rose, W. ©., Wixom, R. L., 


TS lad 


ALLOWANCES FOR YOUNG INFANTS 527 


Smuts, D. B.: The Relation Between 
the Basal Metabolism and the Endog- 
enous Metabolism With Particular Refer- 
ence to the Estimation of the Mainte- 
nance Requirement of Protein, J. 
Nutrition 9: 403, 1935. 

Fomon, 8S. J., and May, C. D.: Meta- 
bolic Studies of Normal Full Term 
Infants Fed Pasteurized Human Milk, 
Pediatrics 22: 101, 1958. 


. Fomon, 8. J., Thomas, L. N., and May, 


C. D.: Equivalence of Pasteurized and 
Fresh Human Milk in Promoting 
Nitrogen Retention by Normal Full 
Term Infants, Pediatrics 22: 935, 1958. 
Gamble, J. L.: The General Terms of 
the Food Requirement, in Brenneman’s 
Practice of Pediatrics, vol. 1, Hagers- 
town, Md., 1944, W. F. Prior Co., Inc., 
chap. 23. 

A Hitherto Unrecognized 
Biochemical Difference Between Human 
Milk and Cow’s Milk, Pediatrics 12: 
98, 1953. 

Biologic Evaluation of 
Proteins, Physiol. Rev. 35: 664, 1955. 
Nitrogen Balance and 
the Nutritive Value of Proteins, 
J.A.M.A, 164: 283, 1957. 


54. Gordon, H. H., Levine, 8S. Z., Wheatley, 


M. A., and Marples, E.: Respiratory 
Metabolism in Infaney and in Child 
hood. XX. The Nitrogen Metabolism in 
Premature Infants, Comparative Studies 
of Human and Cows’ Milk, Am. J. 
Dis. Child. 54: 1030, 1937. 


. Barness, L. A., Baker, D., Guilbert, P., 


Torres, F. E., and Gydérgy, P.: Nitro- 
gen Metabolism of Infants Fed Human 
and Cow’s Milk, J. Peprat. 51: 29, 1957. 
Lowe, C. U., and Pessin, V.: The 
Conduet of Clinical Trials of Substances 
Proposed for the Nutrition of Infants 
and Children. Including a Critique of 
the Nitrogen Balance Technique for 
Measuring Protein Metabolism, Pedi- 
atrics 19: 694, 1957. 

Refer 


ence 0. 


. Rose, W. C., Johnson, J. E., and Haines, 


W. J.: Amino Acid Requirements of 
Man. I. The Role of Valine and 
Methionine, J. Biol. Chem. 182: 541, 
1950. 


59. Rose, W. C., Coon, M. J., and Lambert, 


G. F.: VI. The Role of the Calorie In 
take, J. Biol. Chem. 210: 331, 1954. 
Rose, W. C., Lambert, G. F., and Coon, 
M. J.: VII. General Procedures; The 
Tryptophane Requirement, J. _ Biol. 
Chem. 211: 815, 1954. 

Lockhart, 
H. B., and Lambert, G. F.: XV. The 
Valine Requirement; Summary and 
Final Observations, .J. Biol. Chem. 217: 
987, 1955. 

Albanese, A. A., Holt, L. E., Jr., Irby, 
V., Snyderman, S. E., and Lein, M.: 
Studies on the Protein Metabolism of 















































—— -. 


sente 





pS 


69, 





44. Snyderman, 8S. E.: 


. Johnson, J. A.: 


THE JOURNAL 


Infants. II. Tryptophane Requirement 
of the Infant, Bull. Johns Hopkins 
Hosp. 80: 158, 1947. 

Pratt, E. L., Snyderman, 8S. E., Cheung, 
M. W., Norton, P., Holt, L. E., Jr., 
Hansen, A. E., and Panos, T. C.: The 
Threonine Requirement of the Normal 
Infant, J. Nutrition 56: 231, 1955. 
Metabolism of 
Amino Acids; A Review, Pediatrics 21: 
117, 1958. 

Holt, L. E., Jr.: 
Flodin, N. W.: Amino Acid Balance 
and Efficiency of Protein Utilization, 
Metabolism 6: 350, 1957. 

Nasset, E. S.: Essential Amino Acids 
and Nitrogen Balance, in Some Aspects 
of Amino Acid Supplementation, ed. 
Cole, W. H., New Brunswick, N. J., 
1956, Rutgers University Press, p. 1. 
Harper, A. E.: Balance and Imbalance 
of Amino Acids, Ann. New York Acad. 
Se. 69: 1025, 1958. 

Gordon, H. H., Levine, S. Z., Deamer, 
W. C., and MeNamara, H.: Respiratory 


Reference 5. 


Metabolism in Infaney and in Child- 
hood. XXIII. Daily Energy Require 
ments of Premature Infants, Am. J. 


Dis. Child. 59: 1185, 1940. 

Harrison, H. E.: The Retentions of 
Nitrogen, Calcium and Phosphorus of 
Infants Fed Sweetened Condensed Milk, 
J. Peptar. 8: 415, 1936. 

May, C. D.: Determination and Signifi 
eance of a Dietary Allowance of 
Protein for Infants Needed: A Shift 
of Emphasis in Nutrition, Pediatrics 23: 
384, 1959. 
Pickens, M., 
Smith, A. H.: 


Anderson, W. E., and 
The Composition of 

Gains Made by Rats on Diets Pro- 

moting Different Rates of Gain, J. 

Nutrition 20: 351, 1940. 

Widdowson, E. M., and Spray, C. M.: 


Chemical Development in Utero, Arch. 
Dis. Childhood 26: 205, 1951. 

. Siri, W.: The Gross Composition of 
the Body, Advances Biol. & Med. 


Physies 4: 239, 1956. 

Behar, M., Viteri, F., Bressani, R., 
Arroyave, G., Squibb, R. L., and Scrim- 
shaw, N. S.: Principles of Treatment 


and Prevention of Severe Protein 
Malnutrition in Children, Ann. New 


York Acad. Se. 69: 916, 1958. 

Protein Requirements 
of Adolescents, Ann. New York Acad. 
Se. 69: S81, 1958. 


Woal, M. G., Reinhold, J. G., and Rose, 


S. B.: Antibody Response in Patients 
With Hypoproteinemia, With Special 
Reference to the Effect of Supple- 
mentation With Protein or Protein 


OF 


78. Cannon, P. P., 


SU, 


81. 


S4. 


yp 
v 


t 


Ss. 


90, 


91. 


. Meteoff, J., 


2. Schneider, H. A.: 


3. Clark, P. 


. Knox, W. E., 


3. Osborne, T. B., 


PEDIATRICS 


Hydrolysate, Arch. Int. Med. 83: 402, 
1949. 

Wissler, R. W., Wool- 
ridge R. L., and Benditt, E. R.: The 
Relationship of Protein Deficiency to 
Surgical Infection, Ann. Surg. 120: 514, 
1944. 

Darling, D. B., Seanlon, 
M. H., and Stare, F. J.: Nutritional 
Status and Infection Response. I. 
Electrophoretic, Circulating Plasma Pro- 
tein, Hematologic, Hemopoietic and 
Immunologie Responses to Salmonella 
typhimurium (Bacillus Aertryche) In- 
fection in the Protein Deficient Rat, .J. 
Lab. & Clin. Med. 33: 47, 1948. 

BR Ws 


Dubos, R. J., and Schaedler, 

Effeet of Dietary Proteins and Amino 
Acids on the Susceptibility of Mice to 
Bacterial Infections, J. Exper. Med. 


108: 69, 1958. 
Sprunt, D. H., and Flanigan, C. C.: 
The Effect of Malnutrition on the Sus- 
ceptibility of the Host to Viral Infec- 
tion, J. Exper. Med. 104: 687, 1956. 
Nutrition and Re 
The Strategic 
Hormones 4: 35, 


sistance to Infection: 
Situation, Vitamins & 
1946. 

F., MeClung, L. S., Pinkerton, 
H., Price, W. H., Schneider, H. A., and 
Trager, W.: Influence of Nutrition in 
Experimental Infection, Bact. Rev. 13: 
99, 1949. 

Schneider, H. A.: Recapitulation and 
Prospects Conference on Nutrition in 
Infections, Ann. New York Acad. Se. 
63: 314, 1955. 

Auerbach, V. H., and 
Lin, E. C. C.: Enzymatie and Meta- 
bolic Adaptations in Animals, Physiol. 
Rev. 36: 164, 1956. 

Mendel, L. B., Park, 
FE. A., and Winternitz, M. C.: Physi- 
ological Effects of Diets Unusually Rich 
in Protein and Inorganic Salts, J. Biol. 
Chem. 71: 317, 1927. 


7. Epstein, F. H., Kleinman, C. R., Pursel, 


S., and Hendrikx, A.: The Effect of 
Feeding Protein and Urea on the Renal 
Concentrating Clin. Invest. 
36: 635, 1957. 

Hendrikx, A., and Epstein, F. H.: 
Effect of Feeding Protein and Urea on 
Renal Concentrating Ability in the Rat, 
Am. J. Physiol. 195: 539, 1958. 

Allison, J. B., Wannemacher, R. W.., 
and Migliarese, J. F.: Diet and the 
Metabolism of 2-aminofluorene, J. Nu- 
trition 52: 415, 1954. 
Yudkin, J.: Man’s 
Lancet 1: 645, 1956. 
Brobeck, J. R.: Mechanisms Concerned 


Process, J. 


Choice of Food, 


With Appetite, Pediatrics 20: 549, 1957. 




















Clinical Pathological Conference 


The Children’s Medical Center 
Boston, Mass. 


Sidney Farber, Editor 
John M. Craig, Assistant Editor 











Case 1.—This 14-year-8-month-old 
white boy, over the first 14 vears of his 
life had ten hospitalizations for respir- 
atory infections which began at 4 weeks 
of age. Over the 8 months prior to en- 
try he had two further hospitalizations 
for respiratory distress and a chronic 
cough, which was productive of yellow 
sputum and worse at night One 
month before admission to The Chil- 
dren's Medical Center, he was admitted 
to another hospital where a diagnosis 
of asthma was made. During this hos- 
pital admission he had what was be- 
lieved to be an episode of status 
asthmatieus, and received epinephrine, 
cortisone, aminophylline and oxygen. 
He improved slightly after this and 
was discharged, still in poor condition, 
to be admitted 24 hours later. 

The boy was one of six siblings of a 
family in poor eeonomie circumstances. 
There was no family history of dia- 
betes, asthma, tuberculosis, or cystic 
fibrosis of the panereas. The boy has 
smoked since the age of 5 years, using 
five to six cigarettes a day, usually re- 
covered from the street. 

On admission the vital signs were: 
104° F., pulse 160, and 


respirations 52 per minute. The boy 


temperature 





was acutely ill and dyspneie, with flar- 
ing alae nasae and severe suprasternal 
He used all the accessory 
A purulent 
The 


anterior-posterior diameter of the chest 


retractions. 
muscles of respiration. 


postnasal discharge was present. 


was increased, and marked hyperres- 
onanee over both chests was elicited. 
The air exchange was poor and the 
breath sounds were faint throughout, 
though accompanied by coarse rhonehi. 
The 


physical examination were normal. No 


heart and the remainder of the 
clubbing of the fingers was present. 
The leukocytes numbered 27.3 thou- 
sand per cubic millimeter; the differen- 
tial 
? 


cells 86, lymphoeytes 3, 


polymorphonuclear 
9 


count. was: 
monocytes 
and atypical lymphocytes 9 per cent. 
Blood cultures and tubereulin reaction 
(1:500) were negative. The culture of 
the nose and throat grew a few colonies 
of Staphylococcus aureus. The test for 
determination of elevated sweat elec- 
trolytes was negative. Roentgenograms 
of the chest revealed a peribronchial 
infiltration in both lower lung fields; 
the remainder of the lung fields were 
hyperaerated but 
The outline of the heart was normal. 


otherwise normal. 





The patient was treated with peni- 
cillin and oxytetraeveline. Ile grad 
ually improved, though after three 
still had episodes of severe 
definite 


weeks lhe 





retraction, and 
A bronchoscopy was per- 


coughing, 
hoarsene SS. 


formed three weeks after admission. 


Dre. James B. Deaty, Jr.*—lIt 
would appear from the protocol that 
this boy, with a significant recent 
weight loss, had a serious illness. The 
history of repeated hospitalizations for 
respiratory infections prompts a con- 
sideration of predisposing factors. The 
admission physical findings of an 
acutely ill, eacheetic, air-hungry child 
using all his accessory muscles of res- 
piration, plus a rapid pulse, poor air 
exchange, substernal retraction, and 
coarse rhonehi throughout his lungs fit 
the elinieal syndrome of asthma. 

The roentgenograms of the chest, as 
described in the protocol, show some 
thickening of the intrapulmonary 
markings in the right lower lung field. 
It is worth pointing out, however, that 
the medial portion of the right lower 
lung field is one of the most difficult 
areas to assess by virtue of the fact 
that the x-ray penetrates a greater 
depth of lung tissue here than else- 
where. In other words, this area is 
normally more heavily populated with 
lung densities. The second area of the 
chest in which there is an apparent in- 
crease in lung markings is along the 
left heart border just above the dia- 
phragm. In the lateral view there is 
evidence of hyperaeration, which can 
best be seen in the anterior mediastinal 
region. 

*Dr. Dealy is Radiologist-in-Chief at the 
Peter Bent Brigham Hospital and Assistant 


Clinical Professor of Radiology, Harvard Med- 
cal School 
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The patient had cough with re- 
traction and hoarseness, yet L can ree- 
ognize no abnormality in the shadows 
of his larynx or trachea, 

In summary, we have a child with 
recurrent respiratory infections dating 
back to early infancy. He does develop 
the elinieal syndrome of asthma, but 
its onset so early in life does not sug- 
gest ordinary asthma and makes one 
search for some predisposing mech- 
anism or defect. One might suggest an 
abnormality in gamma globulin forma- 
tion, such as congenital hypogamma- 
globulinemia. If this be true, one 
would question the advisability of 
giving cortisone to a patient with im- 
munological responses already im- 
paired. 

A forme fruste of eystie fibrosis of 
the pancreas with pulmonary involve- 
ment is, | suppose, a possibility; but 
there is no family history of mucovis- 
cidosis and he had a negative sweat 
electrolyte test. I believe it is the 
experience of the group in New York 
that bronchiectasis, whieh always 
comes up for consideration in the dif- 
ferential diagnosis of inereased lung 
markings on plain film x-ray studies, is 
a late complication—by which time, the 
diagnosis ought not to be in doubt. I 
really don’t think one has much to go 
on to support either of these possibili- 
ties. In faet, I cannot make a specifie 
diagnosis on the basis of the informa- 
tion given. I might say that I don’t 
know why this patient had recurrent 
asthmatie episodes and reeurrent basal 
bronchopneumonia. 


Dr. Craic.—I wonder if the physical 
signs described in this case are really 
those of asthma? The protocol de- 
scribed respiratory distress, but says 


nothing about a prolonged expiratory 
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phase in his respiratory eyele. The 
adventitial sounds, too, seem to me to 
be not those of asthma. The protocol 
describes coarse rhonehi, not the usual 
irregular high-pitched squeaks and 
groans. Is there anything on the chest 
films that really suggests that this is 
asthma? 

Dr. Deaty.—By x-ray there is noth- 
ing necessarily characteristic about 
the asthmatie chest except that the 
lungs tend to be voluminous and hy- 
peraerated. With recurrent bronchi- 
tis or respiratory infections, there may 
be a diffuse nonspecific prominence of 
the more ‘‘central’’ lung markings. 
The film taken four to five months 
after this patient was treated looks 
essentially normal to me. Asthma is 
not diagnosed definitely by x-ray. 

The symptom that worries me in 
this case is the persistent hoarseness. 
During the acute episode described in 
the protocol, it could have been re- 
lated to high airway obstruction, yet 
| see no confirmatory evidence of this. 

Dr. Farsper.—Could vou aseribe his 
hoarseness to his long history of cig- 
arette smoking ? 

Dr. Deaty.—He smoked only four to 
five cigarettes a day and these only 
partially. I doubt if this was a suffi- 
cient irritant to cause hoarseness. 

Dr. Farsper.—Did you consider the 
possibility of infection produced in 
that way? 

Dr. Deaty.—That is certainly possi- 
ble, although I cannot suggest what 
specifie infection it might be. 

Dr. Fetrx Heatp.—Would you con- 
sider a congenital defect in the larynx 
or trachea as a possible cause for this 
boy’s long-standing respiratory diffi- 


culty? 


Dr. Deaty.—I meant to imply with 
my comments about his hoarseness 
that this should be considered along 
with the other predisposing factors 
mentioned, Since the roentgenogram 
of the trachea appears normal and | 
don’t have information on any abnor- 
mal behavior of the trachea during the 
various phases of respiration at fluor- 
oscopy, I cannot make such a diagnosis. 

Dr. Harry L. Mue.tier.—I am in- 
clined to agree with Dr. Craig, that 
there is very little evidence that the 
patient had asthma. If the diagnosis 
is based solely on the presence of 
wheezing and _ respiratory distress, 


possibly he did have ‘‘asthma.’’ But 
if the diagnosis is established on the 
basis of an antigen-antibody reaction 
causing bronchospasm, I think there is 
very little evidence for this diagnosis. 
Even though he received vigorous ther- 
apy directed to an asthmatic condition, 
ineluding aminophylline, epinephrine, 
and cortisone, there is not much evi- 
dence that he got any response from 
these. There is no history of atopy in 
this child, or his family, so I think it 
is quite unlikely that this child had 
asthma. I would agree with Dr. Dealy 
that there was metabolic or congenital 
abnormality that predisposed him to 
repeated pulmonary infections. 

Dr. Farsper.—Would any of the 
fourth-vear students like to offer a 
diagnosis? 

A Four tH-YEAR STUDENT.—I have 
seen one young adult, 22 to 24 years 
of age, who had multiple papillomata 
of the larynx, trachea, and proximal 
bronehi and had a history very similar 
to this. 

Dr. Epwarp B. D. Neunauser.—lI 
think both this case and the next are 
most difficult to diagnose from the 
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data given. In this case it seems to 
me that the clinieal picture of a se- 
verely ill child with hyperaeration, air 
hunger, and acidosis is quite out of 
keeping with the minimal roentgeno- 
graphie signs at the right base. One 
would think of some severe upper air- 
way obstruction, as in diphtheria, to 


explain the clinical picture. 


a broad band 
polyp. 


There is 


CAsE 1, 
multivillous 


Polyp. 
core in a 


Fig. 1. 


The ehild 
was bronchosecoped and the findings 
led the to 
bronchogram. 


Dr. Gorvon F. VAWTER. 


surgeons omit doing a 
The that 
bronchoscopy, was found to be normal 
all 


view 


larynx, at 


in respects, but protruding into 


the 
masses of yellow-gray tissue, rather 


below larynx there were 
firm, whieh could easily be avulsed 
with a small amount of bleeding from 
the tracheal wall. About fifteen such 
and seattered 


the intervening 


were 
the 


lesions present 


along trachea, 
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The largest of 
these 0.5 in 
diameter, and altogther they formed 
a heaped mass which measured 2 by 2 
em., the individual lobules being less 


mucosa being normal. 


masses was about em. 


than 1 mm. 


Histologically, these lesions are 


characteristic of transitional cell pap- 
illomata of the larynx and trachea. 


*. 





of epithelial cells surrounding a fibrous tissue 
(Toluidine blue eosin x140.) 


They have a _ relatively avascular 
edematous branching stromal core and 
a nonkeratinizing epithelium covering 
the (Fig. 1). No inelusion 


bodies are found in these cells, nor is 


surface 


there any inflammatory reaction in the 
tissue. 
A 


bronchoseopy one month after opera- 


subsequent laryngoscopy and 
tion showed complete healing except 
for an area of roughening above the 


carina. 
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This, then, represents a case of mul- 
tiple papillomata of the trachea. All 
of the reported cases are multicen- 
tric, having seeded along the trachea. 
There are many more unreported eases 
of simple solitary lesions and, hence, 
less dramatie. Since the work of Ull- 
man,’ in 1923, these have been con- 
sidered to be caused by an easily 
transmissible viral agent, because he 
could produce lesions in the tracheas 
of experimental animals by the use of 
Berkefeld filtrates of the tumor. This 
transmissibility may be of considerable 
importance in the dissemination of the 
lesions within the tracheal-bronchial 
tree. 

The disseminated lesions produce 
characteristic circular densities with 
a central area of less dense paren- 
chyma in the roentgenograms when 
they involve the lung proper. There 
may be latent periods of up to five to 
ten years from the onset of symptoms 
before such pictures develop. 

Dr. CHARLES F. FerGuson.—I have 
not followed this child after the sec- 
ond bronchoscopy. We do know that 
papillomata usually recur. The histol- 
ogy of the papilloma we see in the 
larynx is the same as that in the 
trachea. We have searched over the 
years for some specifie therapy be- 
cause of their marked tendency to re- 
eur, and although they are benign, 
they cause so much destruction of the 
larynx that they become great prob- 
lems. 

At the recent International College 
of Otolaryngology meeting, during 
the entire morning session, many 
treatments were recommended but 
there is no satisfactory therapy. A 
series of cases has been reported in 
which tetracycline and oxytetracycline 


have been used over a long period of 


time with some success. Podophyllo- 


toxin has also been used because of 


the similarity of such lesions to condy- 
loma accuminata., Our impression was 
that this material enhanced the rapid- 
ity of growth of the lesions. We gave 
up its use after a patient coughed in 
my eye and I developed a severe con- 
junetivitis. It has extremely irritat- 
ing properties. 

There has been no progress in the 
last 23 years in their treatment. Re- 
moval is still the preferred treatment, 
although with repeated removal the 
rapidity of growth often appears en- 
haneed. 

Dr. Deaty..—What is the voungest 
age at which the lesion has been de- 
seribed ? 

Dr. FerGuson.—We have seen them 
in infants 4 months of age. Some have 
even been considered congenital in na- 
ture. 

Dr. DeEALy.—We had a very pleasant 
symposium at the Brigham not too 
long ago on the treatment of warts. A 
good deal of time was spent on a dis- 
cussion of psychiatrie therapy of warts. 
Perhaps this is one phase of therapy, 
Dr. Ferguson, which wasn’t adequately 
explored! 

CasE 2.—This 9-year-old white boy 
was admitted to The Children’s Med- 
ical Center with an 8-week history of 
cough and intermittent fever to 104° F. 
A one-week course of oxytetraeyeline 
gave temporary improvement. Chest 
roentgenograms made three weeks 
and again five days prior to admis- 
sion were interpreted as pneumonitis 
in the left lower lung field. The past 
and family histories were not contrib- 
utory. 
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Vital signs on admission were: 
temperature 100° F., pulse 114, and 
respirations 25 per minute. The child 
was well developed and in no distress, 
though thin. The only positive physi- 
eal findings were in the chest, where 
there was dullness to percussion and 
decreased breath sounds and tactile 
fremitus in the left posterior chest. 
The heart was normal to examination 
except for a soft Grade 1 systolic 
murmur at the apex. 

The urine examination was within 
normal limits. The hemoglobin was 
12 Gm. per cent and the leukoeytes 
numbered 12.4 thousand per eubie 
millimeter. The differential count 
was: polymorphonuclear cells 80, 
monocytes 1, and 
A tubereulin 


lymphocytes 16, 
eosinophils 3 per cent. 
test in a 1:100 dilution was negative. 
The estimation of sweat electrolytes 
gave normal values. The nose and 
throat cultures grew a few colonies of 
Staphylococcus aureus. Roentgeno- 
grams of the nasal sinuses were clear. 
A film of the chest revealed an infiltra 
tion and diminution in volume of the 
left lower lobe. There was no hilar 
lvmphadenopathy and the lung fields 
elsewhere were clear. Tw days after 
admission a bronehosecopy and broneho- 
gram were performed. 

Dr. Deaty.—On the plain films, a 
zone of inereased density may be seen 
projected through the heart shadow. 
This is consistent with the findings of 
regional atelectasis on physical exam- 
ination. In the posteroanterior film 
of the bronchogram, we see both sae- 
eular and eyelindrieal bronchiectasis 
involving all three major basal divi- 
sions of the left lower lube. There is 
poor filling of the superior segment 


of the left lower lobe, unassociated 
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with demonstrable intrinsic deformity. 
There is also poor filling of the lin- 
gula but, again, I can see no distinet 
abnormality. 

A eonstant finding on all films is 
narrowing of the entire segment of 
the left lower lobe bronchus (Fig. 2). 
Ilowever, the caliber of the lumen is 
not greatly compromised, which would 
imply that the degree of obstruction 
had been greater in the past than it 
was at the time of the bronchogram 
(and of sufficient degree to have 
‘aused complete collapse). There 
then developed an irreversible bron- 
chiectasis. 

In addition to the narrowing of the 
left lower lobe bronchus, there is defi- 
nite displacement of it and an inden- 
tation that has a rather sweeping 
radius of curvature. | cannot identify 
a contiguous parenchymal density in 
this region. There is, however, a very 
faint, cireumseribed soft tissue density 
which is tempting to regard as a space- 
I wish I had not 
seen this, since it is quite removed 
from the left lower lobe bronchus 
where the difficulty must reside, and 
I don’t know how to interpret its sig- 
There is no hilar adenop- 


occupying lesion. 


nificance. 
athy. 

In this second patient we are deal- 
ing with a problem of local segmental 
collapse and one must entertain the 
various possible etiologies. Before 
enumerating the more probable ones, 
it is worthwhile to point out that we 
would have to consider sequestration 
of the lung. I think that this can be 
ruled out quickly, since none of the 
cases described in the literature thus 
far, to my knowledge, have had a 
bronchial communication demonstrated 
by bronchography. 
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Has the child aspirated a foreign 
body? I suppose that this is entirely 
possible. All I can say is that there 
is no history of aspiration, nor do I 
see a foreign body on the broncho- 
gram as a discrete localized intralu- 
minal filling defect. 


One would have to consider the 
possibility of tumor. This patient did 
not smoke (as opposed to the first 
patient), so perhaps we need not con- 
sider very long the remote possibility 
of bronchogenic carcinoma! In the 
adult-age group, of course, it is proper 





Fig. 2.—Case 2, Bronchogram. A narrowing 
present at 
Could it be an inflammatory proc- 
ess involving the left lower lobe 
bronchus with intermittent episodes 
of varying degrees of obstruction? | 
suppose this is also entirely possible. 
Tuberculous bronchiectasis is not very 
common and the echild’s tuberculin 
test was negative so that if it was an 
infectious process I should think that 
tuberculosis would be unlikely. 





and bowing of the lower lobe bronchus is 
the arrow. 

to regard any localized pulmonary 
collapse as being on the basis of 
bronchogenic carcinoma until it is 
proved to be something else. Another 
form of tumor would be a bronchial 
adenoma, even though this, too, as far 
as | know, would be quite rare in this 
age group. It is awfully tempting, on 
the basis of the bronchogram, to regard 
the displacement of the left lower lobe 
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bronchus as due to the intrapulmo- 
nary portion of a dumbbell-shaped 
bronchial adenoma. 

[ am not completely familiar with 
the varied gross morphologic patterns 
of bronchial adenomata in children, 


but in young adults, where the inci- 


- <> : , 
Py Sn . 


Fig. 3 Photomicrograph 
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Tumor. At left 
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mittent partial obstruction. Perhaps 
I should combine the appealing possi- 
bility of a bronchial adenoma with 
this by suggesting that the defect 
might have been in the nature of an 
adenomatous malformation of the 
bronchial glands, perhaps associated 





are strands and columns of small round 


cells At right are the eroded metaplastic epithelium and subepithelial inflammatory tissues. 


(Toluidine blue eosin 140.) 


dence is divided equally between males 
and females, they fall into three gen- 
eral types: those that are sessile, 
those that are of the dumbbell or ice- 
berg type, which may have a rela- 
tively small intraluminal component 
in relation to a larger intrapulmonary 
component, and those that are pedun- 
culated or on a stalk. Some of the last 
type have been removed bronchoscopi- 
eally. 

The final thing I would consider 
would be a local malformation of the 
bronchial wall with a resultant inter- 


with local loss of cartilaginous rings. 
As we know, such defects can produce 
obstruction and atelectasis, which is 
what we are concerned with here. 

Dr. Vawter.—The second patient, 
at the time of bronchoscopy, was found 
to have a normal respiratory tree down 
to the level of the left main stem bron- 
chus, which was found to be filled with 
a thick purulent material which could 
hardly be aspirated. About 30 ml. per 
eubie centimeter of this material was 
removed, uncovering a nubbin of gran- 
ulation-type tissue which was avulsed 
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with considerable bleeding. More pur- 
ulent exudate was released distal to 
this point. The microscopic appear- 
ance of this nubbin is that of an in- 
tact epithelial surface surmounting a 
zone of chronie inflammation, 
and within the 
there is gland-like structure with rami- 
This is a 


dense 
tissue mass proper 
fying channels (Fig. 3). 
characteristic picture of one type of 
bronchial adenoma. 

About a week after the bronchos- 
copy, when his drainage had lessened 
and he appeared to have improved, a 
left lower lobectomy was performed. 
In the bronchus there was a mass of 
pink tissue protruding into the lumen, 
had incompletely 
avulsed by the surgical approach. The 


lymph nodes were greatly enlarged in 


which only been 


the resected specimen, but were found, 


on section, to contain no evidence of 
The line of excision appeared 


tumor. 


2. Berger, S. M., 
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adequate and there was a very severe 
chronic pneumonitis and obliterative 
bronchitis distal to this lesion. 

This young patient with bronchial 
adenoma is the fifth or sixth ease which 
The 
youngest was about 4 vears of age at 
had in- 
volvement of regional lymph nodes, but 
remained well for at 
following his surgical therapy. 

Dr. Farser.—Did find 
changes in the epithelium elsewhere 


has appeared in the literature. 
the time of diagnosis.* He 


least two years 


you any 
in the respiratory tree? 

Dr. Vawter.—The metaplasia which 
was apparent on the biopsy is confined 
to that area. 
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MUSCULAR 


A‘ the Jackson Memorial Labora- 
tory, Bar Harbor, Maine, in 1953, 
interest and vigilance on the part of a 
student apprentice led to the discovery 
otf muscular dystrophy in laboratory 
mice.’ This condition, which oceurred 
spontaneously as a genetic mutation in 
the Bar Harbor 129 strain, a highly 
inbred strain of mice, is a primary 
musele disease similar in some respects 
to progressive muscular dystrophy in 
the human subject. The museular 
regions involved, the nature of the 
lesions in these muscles, and the spar- 
ing of the central nervous system sug- 
vest its similarity to the human form 
of the disease. In the mice affected, 
growth and development are retarded; 
there is early evidence of muscle 
atrophy, characteristic skin lesions, 
and a shortened life span. IlListologic 
changes in the muscle are considered 
remarkably similar to those’ en- 
countered in dystrophie human musele. 
A longitudinal seetion shows small 
multinucleated muscle fibers separated 
from one another by edematous inter- 
stitial tissue. The fibers are poorly de- 
veloped, relatively few in number in 
& given area, and there is little evi- 
dence of muscular regeneration. On 
establishment of the strain and ecare- 
ful genetic study, the disorder in mice 
appeared to be inherited as an auto- 
somal recessive trait, in contrast to at 
least one form of human muscular 
dystrophy which is thought to be sex 
linked. 

From about 1956, when mice of this 
strain beeame available for investiga- 
tion in other laboratories, enzyme 
studies have been earried out in these 
mice, together with chemieal and 
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metabolic studies. Attempts have been 
made to characterize this myopathie 
condition in mice more fully and to 
compare it with other forms of muscle 
wasting and with the findings associ- 
ated with clinical muscular dystrophy 
in man. 

Within the past few months, two re- 
ports have appeared which deal with 
enzyme and metabolic studies in the 
Bar Harbor 129 strain of miee. One 
of these, published in the Proceedings 
of the Society for Experimental Bi- 
ology and Medicine for October, 1958, 
is the third of a series of enzyme 
studies in muscular dystrophy carried 
out by Weinstock and his co-workers, 
this one of the series by Weinstock, 
Epstein, and Milhorat.?. By investigat- 
ing a number of enzyme systems in the 
museles, these authors sought to com- 
pare this form of myopathy in mice 
with other forms of musele wasting. 
Previous investigations by _ these 
authors had ineluded studies of the 
type of muscle wasting which occurs in 
experimental animals following vita- 
min-E deficiency and following neu- 
rotomy. For the enzyme studies in 
dystrophie mice, the strain 129 (dys- 
trophie animals and their normal litter 
mates) was obtained from the Jackson 
Memorial Laboratory and fed a stand- 
ard commercial mouse pellet diet. All 
animals were allowed free access to 
food and water. The strain was main- 
tained in the new environment for. a 
considerable period of time before the 
enzyme studies were initiated. <Ac- 
cording to the original description of 
this dystrophic strain by Michelson 
and her associates, signs were ap- 
parent in dystrophic mice by the third 
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weck of life, and the complete life 
span covered a range of from 1 to 6 
months, In the investigations by 
Weinstock and his associates? the mice 
were allowed an arbitrary span of 
from 46 to 110 days, average 68 days, 
the weight averaging 14.1 grams. The 
control group for these investigations 
was composed of heterozygous litter 
mates of the dystrophie mice; these 
were studied when they reached an 
average age of 63 days and a weight 
of 214 grams. Dystrophie animals 
were consistently smaller in size and 
lighter in weight than the controls and 
showed varying degrees of ataxia, 
atrophy, and attendant paralysis. 

In the conduct of enzyme studies, 
Weinstock and his co-workers 
nize the need for “a proper reference 
for enzyme  activity,’” 
changes in muscle composition are as- 
sociated with most wasting conditions. 
Accordingly, the enzyme studies were 
accompanied by determinations of dry 
weight and of total protein and colla- 
gen-nitrogen content of the muscle. 
Results of enzyme assays were evalu- 
ated on the basis of wet weight, dry 
weight, protein-nitrogen eontent, and 
noneollagen protein nitrogen of the 
musele. On the basis of their experi- 
enee and that of others, the authors 
feel that “the most accurate index of 
functioning muscle mass upon which to 
base enzyme activity is non-collagen 
protein nitrogen content.” An ap- 
parent decrease in enzyme activity, 
unless so based “might be nonspecific 
and only a reflection of over-all break- 
down of muscle.”* With these 
sibilities in mind, the authors investi- 
gated changes in the muscle composi- 
tion and the activity of four enzyme 
systems in dystrophic and control mice. 
Total nitrogen and protein nitrogen 
contents of dystrophie muscle were re- 
dueed as compared with controls, while 
the eollagen nitrogen was inereased. 
The percentage of dry weight was un- 
changed. Aldolase activity of dys- 


recog- 


base sinee 


pos- 


trophic muscle was decreased on the 
basis of wet or dry weight but was not 
changed on the basis of protein or non- 
collagen protein nitrogen content of 
activity 


musele. The suecinoxidase 
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was not affected significantly by this 
form of museular dystrophy in mice. 
Cytochrome oxidase and eathepsin ac 
tivities did not appear markedly in 
creased in the muscles of dystrophic 
mice; liver tissue showed no detectable 
changes as a result of the dystrophy. 
According to these authors, the changes 
observed in the muscle protein content 
of mice showing dystrophy are similar 
to those associated with muscle wast- 
ing as it oceurs following vitamin-E 
deficieney, with the type of atrophy re- 
sulting from neurotomy, and similar to 
the changes considered to be the chief 
pathologie alteration in muscular dys- 
trophy in human subjects. Studies by 
these authors are in which 
coneern enzyme systems in the muscles 
of patients with muscular dystrophy, 
particularly with reference to the 
catheptic enzymes whose in vivo rule 
is not clearly established as vet. These 
catheptic enzymes appear to be “in- 
volved in protein catabolism and may 
be the common mechanism in muscular 
wasting due to a number of different 


causes. 


progress 


Another publication of special inter- 
est in this connection appeared in 
Metabolism for November, 1958. This 
report by Perkoff and Tyler* concerns 
creatine metabolism in the Bar Harbor 
129 strain of dystrophic mice. Anom- 
alies of creatine metabolism are 
known to be present in human mus- 
cular dystrophy. In normal human 
subjects there is minimal ereatinuria; 
patients with muscular dystrophy, 
however, show marked creatinuria with 
great reduction in urinary creatinine; 
these patients are unable to store a 
creatine load. Since the muscle disease 
of the 129 dystrophie strain of mice 
resembles the human disease both ob- 
jectively and in the pathologie find- 
ings, the authors were interested in 
pursuing comparative studies of cre- 
atine metabolism. At the present time 
there is considerable interest also in 
the relationship between anomalies in 
pentose metabolism and progressive 
museular dystrophy.* For this reason, 
the authors have made a study of the 
urinary excretion of pentose by these 
mice and have isolated myoglobin from 
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normal and dystrophic mice for 
electrophoretic study. 

The control mice remained normal 
throughout the course of the study. 
The dystrophic mice from the Bar 
Harbor strain showed the typical 
characteristics: small size, flexed pos- 
ture, weak and atrophie hind limbs, 
thinning of fur, skin excoriations, ete. 
Ilistologie examination of hind-limb 
muscles revealed the changes associated 
with this condition in mice as origi- 
nally deseribed by Michelson and her 
co-workers': lymphocytie infiltration, 
necrosis of musele fibers, hyalinization 
of fibers with reduction in fiber di- 
ameter, and general loss of the musele 
architecture. Ordinary laboratory 
mice and control mice from the Bar 
Ifarbor strain show about the degree 
of creatinuria expected. Dystrophie 
mice showed marked reduction § in 
urinary creatinine with a compara- 
tively marked ereatinuria. On the ad- 
ministration of a creatine load, how- 
ever, the dystrophie mice were slower 
in exereting the additional creatine 
than the corresponding controls. 
Pentose excretion did not appear to be 
altered significantly in the dystrophic 
mice. Myoglebin concentration proved 
to be lower in the dystrophie mice 
than in the control mice.  Electro- 
phoretically, however, the myoglobin 
from both groups of animals was 
normal. 

In a well-rounded discussion, Perkoff 
and Tyler* bring out the similarities 
and the differences between the “dys- 
trophie process in mice and that ob- 
served in human subjects. The heredi- 
tary character of the disease in mice, 
the localization and histologie charac- 
teristics of the lesions, and the de- 
crease in the concentration of my- 
oglobin with normal electrophoretic 
mobility are all similar to human 
museular dystrophy.”* While the uri- 
nary exeretion of creatinine and ere- 
atine are similar to that seen in the 
human condition, certain differences 
are apparent. Ordinary laboratory 


mice and controls of the 129 strain 
regularly show a high degree of ere- 
atinuria, making evaluation on a quan- 
titative basis somewhat difficult in 
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mice. The authors point out that this 
is in contrast to the situation obtaining 
in human muscular dystrophy. They 
consider the myoglobin findings in mice 
more comparable to the situation in 
human subjects: myoglobins of con- 
trol and of dystrophic mice show the 
same electrophoretic mobility, as is the 
ease in man. The authors offer alterna- 
tive explanations: that there may be 
an abnormality in myoglobin synthesis 
or destruction of myoglobin to account 
for the low myoglobin level in the 
muscles of the diseased animals, or the 
observed deerease in myoglobin con- 
centration may represent loss of the 
myoglobin from damaged muscle. 

As a result of these investigations, 
Perkoff and Tyler are inelined to be- 
lieve that the disease in mice and in 
human subjects is basically similar: 
“In spite of the fact that dystrophic 
mice and dystrophie humans show dif- 
ferences in creatine metabolism, the 
disease as it occurs in mice is more like 
human muscular dystrophy than any 
other observed in experimental ani- 
mals. For this reason, study of the 
animal disorder may yet yield informa- 
tion of value in inereasing the under- 
standing of the human disease.” 


RusseE.u J. BLATTNER 


REFERENCES 


l. Michelson, A. M., Russell, E. 8., and 
Harman, P. J.: Dystrophia Muscularis: 
A Hereditary Primary Myopathy in the 
House Mouse, Proe. Nat. Acad. Se. 41: 
1079, 1955. 

2. Weinstock, I. M., Epstein, S., and Mil- 
horat, A. T.: Enzyme Studies in Muscular 
Dystrophy: III. In Hereditary Muscular 
Dystrophy in Mice, Proe. Soc. Exper. 
Biol. & Med. 99: 272, 1958. 

3. Perkoff, G. T., and Tyler, F. H.: Cre- 

atine Metabolism in the Bar Harbor 129 
Strain Dystrophie Mouse, Metabolism 7: 
745, 1958. 
Perkoff, G. T., Brown, D. M., and Tyler, 
F. H.: The Isolation of Myoglobin in 
Progressive Muscular Dystrophy, J. Clin. 
Endocrinol. 17: 1489, 1957. 

4. Perkoff, G. T., and Tyler, F. H.: Studies 

in Disorders of Muscle: XI. The Prob- 
lem of Pentosuria in Muscular Dys- 
trophy, Metabolism 5: 563, 1956. 
Tower, D. B., Peters, E. L., and Pogorel- 
skin, M. A.: Nature and Significance of 
Pentosuria in Neuromuscular Disease, 
Neurology 6: 37, 125, 1956. 




















Dear Editor: 


The typical practice of pediatrics includes 
the responsibility of assisting parents to cope 
with the various kinds of behavior problems 
Many 


factors in our cultural milieu seem to make 


which often arise in normal children. 


the rearing of children quite fraught with 


anxiety to parents. Guidance for parents 
appears to be the order of the day and the 
demand for it by the parents themselves is 
steadily increasing. 
efforts to find 


literature, parents turn to the pediatrician. 


Often confused by their 
answers in various kinds of 
Consequently, whether he wishes it or not, 
the pediatrician has become a counselor and 
psychotherapist to parents of normal chil 
dren with psychological problems. 

With 
reasonably good acquaintance with the par 


extensive knowledge of children, 
ents, and a common-sense approach to the 
problem, the pediatrician is capable of satis 
fying the need of parents for guidance to a 
large degree. However, with some behavior 
problems, the pediatrician is not able to di- 
rectly provide the kind of treatment which 
Referral to 


psychiatrists and psychologists may not be 


he considers to be indicated. 
appropriate because of the relatively minor 


nature of the problem in many instances. 
The cost of psychiatric care might be pro- 
hibitive in some other eases. 

A good nursery school with a trained staff 
ean be of specific value to the pediatrician. 
With such a school, the pediatrician has at 
his disposal facilities and 


personnel which 


ordinarily he does not have. The groups of 
ideal 
With 
a group from which to choose, the normal 
but problematical child will find a 
and begin to develop social qualities. 


children at nursery school offer an 


setting to help the unsocialized child. 


friend 
In his 
efforts to make and keep friends even the 
young child discovers that he must ‘‘share.’’ 
The child learns to wait for his turn in many 


activities which he enjoys and in which he 


Correspondence 


Temper tantrums can 


wants to participate. 
be handled matter-of-factly and casually by 
The 


discourage the 


trained teachers. children themselves 


often tantrums by = such 
verbalization as ‘*‘baby.’’ Interestingly 


children can be 
child is 


enough, groups of sympa 
thetic 
troubled. 


Make-believe families originate every day 


when they sense a truly 


and every family has its baby. Sometimes 
with the aid of a teacher and sometimes with 
out, the 


mother with the baby, the baby’s need of 


children act out the role of the 
the mother’s attention, the role of the big 
brother, and so on. Jealousy of the baby 


in the family is just one problem which 
often can be effectively handled in a nursery 
school through the proper use of the chil 
dren’s pretend families. 

The child’s need 


met in the 


for achievement can be 
nursery school setting with ac 
tivities which can be scarcely duplicated at 
The child 


have limits set on his behavior and who has 


home. who especially needs to 
an overly amount of difficulty in accepting 
his parent’s authority usually learns to con 
form in nursery school much more readily. 

Little 
other to 


He wants to do as the others do. 
inclined to tell 


follow the rules. 


children are each 
Again the child wishes to 
be accepted by the group and thus is in 
clined to want to follow the rules with fewer 
reminders from the than from 


Nursery school also offers the child 


teacher 
mother. 
an opportunity to express such feelings as 
hostility and aggression through safe chan 
nels guided by the teacher. 
few of the sort of problems which can be 
effectively dealt 


These are but a 


with in a nursery school 
setting. 

A qualified and adequately trained direc- 
tor of a nursery school is capable of follow- 
ing through with suggestions made by the 
pediatrician. Furthermore, a trained staff is 
able to provide the pediatrician with im 
partial opinions and information based on 


542 TiiE JOURNAI 


many hours of observation of the child in a 
variety of situations A mother has an 
opportunity to ventilate her feelings at 
length and to profit from what she learns 
of the effective methods used in dealing with 
her child at the school. 

Reports can be made available to the 
pediatrician so that he is aware of the 
progress being made in the solution of the 
problem and the child’s personality develop 
ment, 

The greatest difticulty for the pediatrician 
lies in finding a nursery school to which he 
ean refer children and feel confident of the 


treatment the children will receive. Many 


lhe following pediatricians were certi 
fie«l in the Subspecialty of Pediatrie Al 
ergy by the American Board of Pediatrics, 


Inc. on February 8, 1959, in Chieago, Illi 


Dr. Daniel Blitz, 1 Club Drive, Woodmere, 
aes 

Dr. John Gerard Flynn, Essex St., Salem, 
Mass 

ir. John S. Hvde, 715 Lake St., Oak Park, 
ai 

1) Ravn W. Lathan #21 Plaza Park 
wav Bidy., 4620 J. ¢ Nichols Pkw., 


Kansas Citv 12, Mo 

’. Richard Lawrence London, 300 South 

Rochester 7, N. Y. 

Dr. Llovd Stanley Nelson, 616 Marquette 
Bank Bldg., Minneapolis 2, Minn. 

Dr. Ronald Reuben, 9735 Wilshire Blvd., 
Beverly Hills, Calif. 


Dr. Alexander Roth, 7ist Street & Toma 


(romiman St., 


awk Road, Prairie Village 15, Kan. 
Dr. Edward Louis Strem, 565 So. Snelling 


Ave., St. Paul 16, Minn 


The Eighth Congress of the Pan Pacific 
Surgical Association will meet in Honolulu, 
Hlawaii, September 28 through October 5, 


1960 All members of the profession are in 


vited to attend the Congress at which nine 


surgical specialty sections are scheduled si- 
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nursery schools, if not most, are directed by 
individuals who have only a smattering of 
education or whose education is not specifi- 
cally related to children. Such directors usu- 
ally increase the child’s problem. State laws 
relative to nursery schools do not adequately 
control the situation and poor nursery 


schools outnumber the good ones. However, 


it would be worth the pediatrician ’s time to 


make some investigations and determine 
whether there is a good nursery school with 


a trained staff accessible to his patients. 


HELENA Stiet, Px.D. 


Los Angeles, Calif. 


multaneously. Further information and bro 
chures may be obtained by writing to Dr. 
F. J. Pinkerton, Director General of the Pan- 
Pacific Surgical Association, Suite 230, Alex- 


ander Young Building, Honolulu 13, Hawaii. 


The Intermountain Pediatric Society an 
nounees its annual meeting which is scheduled 
for June 26, 27, and 28 at Sun Valley, 
Idaho. Dr. Robert Alway, Dr. M. E. Lahey, 
Dr. Ralph Platou, and Dr. Josef Warkany 
will speak at the meeting which is open to 
all physicians. Sessions are daily from 8 
A.M. until noon, with round table groups 
For further in- 
formation, write to Intermountain Pediatric 
Society, 2000 South 9th East, Salt Lake City, 
Utah. 


from noon until 1:30 P.M. 


Applications for the residency from Janu 
ary 1, 1960, to December 31, 1960, in Pedi- 
atric Oncology at Memorial Center for Can- 
cer and Allied Diseases in New York will be 
received up to May 1, 1959. This residency 
is approved for partial credit by the Ameri- 
ean Board of Pediatries and is limited to 
the neoplastic diseases of children. Salary: 
$3,600 annually plus maintenance. For ap 
plication forms and information write: Di 
rector, Pediatrie Service, Memorial Center 
for Cancer and Allied Diseases, 444 East 
68th St., New York 21, N. Y. 


























NEWS AND NOTES 545 


The Harvard Medical School will offer the 
following postgraduate courses in pediatrics 


this spring: 


Pediatrics 8, to be held June 1 to 12, in 
elusive, 1959, daily from 9:15 A.M. to 4:30 
P.M., at Massachusetts General Hospital, will 
provide a general review with emphasis on 
recent advances and therapy. The first seven 
days are devoted to pediatric medical, sur- 
gical, orthopedic, cardiac, allergic, derma- 
tologic, psychiatric, eye, ear, and x-ray prob- 
lems. During the last four days, students 
will concentrate on disorders of growth and 
development, common endocrine problems, 
and the metabolic aspects of infant feeding, 
parenteral fluid therapy, and management of 
nephritic and diabetic patients. 


Pediatric Metabolism and Endocrinology, 
to be held June 9 to 12, inclusive, 1959, 
daily from 9:15 a.M. to 4:30 P.M., at Mas- 
sachusetts General Hospital, is the same 
course as the last four days of Pediatrics 3, 
as described above, but may be taken sepa- 
rately. 

Those interested should write: Courses 
for Graduates, Harvard Medical School, 25 
Shattuck St., Boston, Mass. 


The Department of Dermatology of the 
Temple University Medical Center an- 
nounces an intensive postgraduate course in 
Pediatric Dermatology to be given from Mon- 
day, April 27, to Friday, May 1, 1959, at The 
Skin and Cancer Hospital of Philadelphia. 

The course is designed for the pediatrician 
with emphasis on diagnosis and treatment of 
the common dermatoses. Sufficient basic in 
formation will be presented so that the re 
lationship between physiology and pathology 
can be appreciated. 

Information concerning this course can be 
obtained by writing to: Dr. Carroll F. 
Burgoon, Jr., Medical Director, The Skin and 
Cancer Hospital of Philadelphia, 804 Pine St., 
Philadelphia 7, Pa. 


The third annual postgraduate course in 
Fractures and Other Trauma will be pre- 
sented by the Chicago Committee on Trauma 
of the American College of Surgeons from 
Wednesday, April 15, through Saturday 
noon, April 18, 1959, at the John B. Murphy 
Memorial Auditorium, 50 East Erie Street, 
Chieago 11, Dlinois. 





All phases of trauma will be discussed 
by outstanding teachers from the five medi 
cal schools and chiefs of service of leading 
hospitals in the Chicago area as well as 
distinguished guest speakers from other 
parts of the country. 

Registration fee for the course is $75. 
Residents, interns, and students will be ad 
mitted free if a note of identification from 


chief of service or dean is presented. 


A series of short refresher courses will be 
given during May and June, 1959, by The 
Children’s Hospital of Philadelphia and by 
the Graduate School of Medicine, University 


of Pennsylvania. 


Pediatric Advances, on May 25 through 29, 
1959, will be conducted by the staff of the 
Children’s Hospital of Philadelphia. The ecur- 
riculum will consist of clinies, demonstrations, 
and panel discussions in selected aspects of 
contemporary pediatrics in which important 
advances are being made. Note: Interested 
physicians are urged to apply early since total 
attendance is limited. Registration fee will 
be refunded if the registrant later finds it 


impossible to attend. The tuition is $115.00. 


Practical Pediatric Hematology on June 1 
through 5, 1959, will be conducted by Irving 
J. Wolman, M.D., Thomas R. Boggs, .Jr., M.D., 
and other members of the Hematology De 
partment of the Children’s Hospital of Phila 
delphia. The tuition is $125.00. The pro 
gram on June 4 and 5 will be devoted to 
problems of blood grouping, neonatal jaun 
dice, kernicterus, and exchange transfusions. 
Physicians may register for these 2 days only 
if desired. Tuition will be $50.00. An illus 
trative collection of 25 abnormal blood and 
bone marrow slides has been prepared. These 
are available for purchase: $10.00 fer regis- 


trants, $15.00 for nonregistrants. 


Postaraduate Course in Practical Pediatrics 
is for physicians in Pennsylvania, New 
Jersey, and Delaware. This course will be 
conducted by the staff of the Children’s Hos- 
pital of Philadelphia, Wednesday afternoons 
from 1:00 p.m. to 5:00 p.m., Mareh 18 
through June 4. The tuition is $100.00. 

Inquiries should be addressed to Irving J. 
Wolman, M.D., Director of Post-Graduate 
Edueation, The Children’s Hospital of Phila 
delphia, 1740 Bainbridge St., Philadelphia 16, 


Pa. 








Books 


Autonomic Imbalance and the Hypo- 
thalamus, Implications for Physiology, Med- 


icine, Psychology, and Neuropsychiatry. 
Ernest Gellhorn, Minneapolis, 1957, Univer- 
sity of Minnesota Press, 300 pages. Price 
$8.50. 


Those pediatricians who are sufficiently 


interested in mechanisms of emotional re 
sponse in normal and in psychiatrically im 
paired individuals to do some careful read 
ing on this subject will find this book a gold 


mine. It is a mature, well-mediated, scien- 


tifically sound expression of one of our 
better neurophysiologists. It may cause 
little stir itself but, by intellectual rico 
chet, will affect much of clinically imme 
diate research. 

Much of the information in this most 


recent of Dr. Gellhorn’s comprehensive 


works on autonomic regulation is concerned 
animal and human 


with new material in 


experimentation. Carefully standardized test 


observations of autonomic response, such as 
blood pressure, heart rate, and respiration, 
are performed under various experimental 
the subject has been 


situations in which 


conditioned or “tuned” by autonomiecally 


effective medications. The animal observa- 
tions are carefully compared with those in 
psychiatric 


back 


he draws broad principles of 


institutionalized 
this 


normal and 


adults. From comprehensive 


ground study, 
function and of 


evaluation of autonomic 


autonomic reflections of normal and ab 
normal psychic states. 
Dr. Gellhorn has not explored the cor 


responding pediatric clinical syndromes, 


although his methods, such as consecutive 


determinations of blood pressure after ad 
ministration of Mecholyl or adrenalin, are 
fully adaptable to young children. 

This book is not easy reading, but it is 
a major work of the quality and intellectual 
reach which is needed to accomplish prog 
ress in this most subtle field of clinical 
neurophysiology. 


James F. Bosma 


Traitement du Diabéte Infantile en 
Régime Libre. P. Royer and H. Lestradet, 
France, Editions Médicales 
3,500 franes. 


Paris, 1958, 


Flammarion, 190 pages. Price 


In this concise booklet of 190 pages (in 


cluding 6 of bibliography), the 


pages 
authors have summarized their experience 


in the management of some 800 diabetic 


children during the past ten years in the 
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H6pital des Enfants Malades at Paris, under 


the regimen popularly designated “free 
diet” (régime libre). The monograph is 
remarkably well organized, with excellent 


discussion of the physiopathology of dia 
betes mellitus and essential principles that 
should guide treatment, with due consider 
ation 
needs for health, growth, and development. 
Questions that 


of psychologic as well as physical 


Practicality is emphasized. 


in the past have involved much contro- 
versial argument among experts in this 


field are discussed with great clarity and 
precision. The authors accept the fact that 
the term “free diet” has led to confusion 
in the interpretation of acceptable dietary 
rules; they prefer a term such as “normal 
unweighed diet” to differentiate this regi- 
men from stricter schemes of treatment 
with diets weighed or measured according 
Most 


essential, the authors insist, is flexibility in 


to earefully caleulated prescriptions. 


the adaption of daily insulin dosage to 


changing needs of the body. 
Salient features of the text are indicated 
by the following selections from the table 


of contents: (1) bases of diagnosis and 


treatment, including a concise review of 


physiopathology; (2) methods of treatment: 


restrictive diet; normal diet, measured or 


unmeasured; different insulins, their action 


and reasons for choice of one or another 


individual cases; (3) practical 


adaptations of daily habits 


insulin in 


considerations: 


in the “manner of living” with diabetes; 
methods for urinalysis most practical for 
the patients and for their parents; tech- 


nique of insulin injection and equipment 


needed; (4) treatment of acute complica 


tions, insulin resistance, ketoacidosis and 
coma, chronic complications, infections, ete.; 
(5) medicosocial problems, vacation camps, 
associations (As 


centers for education; lay 


sociation francaise des diabétiques; Asso 
ciation pour l’aide aux jeunes diabétiques 
Dr. Lestradet was a principal organizer 
of a series of summer camps for diabetic 
children (under the aegis of the Interna 
tional Children’s 
valuable purpose for educating the children 


and for the en- 


Center) which serve a 


in their self-management 


couragement of a “normal life.” The camps 


are valuable also for the training of young 


pediatricians, nurses, and social workers 


eoncerned with the handling of diabetic 


children. 
George M. Guest 











Editor’s Column 


THE PROTEIN ALLOWANCE CONTROVERSY 


HE papers of Gordon and of Holt 

in this issue present a critical anal- 
ysis of the issues and data involved 
in the current controversy over the pro- 
tein allowance for infant feeding. 

In essence the controversy is between 
those who advocate a ‘‘low’’ protein 
intake simulating human milk and 
those who advocate a ‘‘high’’ protein 
intake such as is furnished by the con- 
ventional formula of *4 parts milk, 
14 part water, and added carbohydrate. 


° 


The low protein allowance suggested 
would supply approximately 2 Gm. per 
kilogram per day with 8 to 10 per cent 
of the ealories from protein, while the 
high protein would supply 3.5 Gm. per 
kilogram per day with 15 per cent of 
Actually, 


pediatricians have been using these two 


the calories from protein. 


of 


types of feedings for a number 


years, probably without too much 
thought as to the differences in their 
composition and almost certainly with- 
out noting any important differences 
in the growth and development pat- 
terns of the infants receiving the feed- 
ings. 

Why, then, has the issue developed 
and why is it important? In answer 
to the first part of the query, it should 
be pointed out that the problem which 
has given rise to the controversy is by 


no means new. In fact it arose when 


it was shown chemical 
many years ago that there was no de- 
ficiency in the essential amino acids in 
easein as applied to human nutrition. 


Previous to this it had been accepted 


by analysis 


the protein of cow’s 
that of human 
hence, more of it was needed by 


But, the ques- 


generally that 
milk 
milk, 
the formula-fed infant. 
tion was raised, if it is true that the 


was inferior to 


protein of cow’s milk and of human 
milk are biologically equivalent, why 
should the protein requirement of the 
be different 
receiving human 


infant from 


infant 


formula-fed 
that of the 
milk? In spite of the numerous studies 
that have been carried out (reviewed 
by Gordon and by Holt), no data up 
the 


sidered convincing enough to provide 


to present time have been con- 


an acceptable answer either in favor 
of or against the low or high protein 
advocates. It was this impasse that 
led the Food and Nutrition Board of 
the National Research Council for the 
first time in its history to omit a ree- 
ommended protein allowance in its 
1958 issue of Recommended Dietary 
Allowances. Naturally, this action has 
had the effeet of stimulating wide in- 
terest in a problem that has been trou- 
blesome to many in the field of infant 


nutrition for at least a quarter of a 


eentury. 
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Among the many studies of the past 
designed to shed light on the relative 
biologie values of human vs. cow’s 
milk protein, those of Jeans and 
Stearns at lowa City have perhaps re- 
ceived the most attention. They con- 
cluded from their well-known metabo- 
lism-ward experiments that artificially 
fed infants receiving protein and eal- 
cium intakes adjusted so that nitrogen 
and ealeium retentions were of the 
same order as infants fed human milk 
did not perform in a variety of areas 
as well as breast-fed infants reeeiving 
the same levels of protein and of eal- 
cium or as well as artificially fed in- 
fants receiving higher intakes of pro- 
tein and ecaleium. Jeans declared that 
the requirements of formula-fed in- 
fants should probably not be based 
upon the requirements of breast-fed 
infants. Presumably, his opinion had 
much to do with the reeommended 
protein allowanee of 3.5 Gm. per kilo- 
gram per day for infants under 6 
months of age carried by the Recom- 
mended Dietary Allowances in all its 
issues previous to 1958. 

llowever, there were reasons why 
these studies by Jeans and Stearns 
see Gordon) could not be accepted as 
having proved the biologie superiority 
of human milk protein over cow’s milk 
protein, Jeans himself stated in his 
presidential address before the Ameri- 
can Pediatrie Society in 1950: ‘*The 
basis for the eoneeded superiority of 
human milk seems still to be something 
of a nutritional mystery.’’ 

More recently Foman and May, also 
at Iowa City, have attacked the prob 
lem anew, but thus far their studies 
have not been completed sufficiently to 


permit the drawing of definitive con 


It may seem strange to most 


clusions. 
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that so much diffieulty should have 
been encountered over the years in 
reaching an unequivocal decision about 
the relative nutritional efficiency of 
human and cow’s milk protein. There 
is abundant clinical evidenee derived 
from years of observation that for- 
mula-fed infants receiving high pro- 
tein allowances compare favorably to 
thriving breast-fed infants. Can the 
infant fed 2 Gm. of protein per kilo- 
gram per day match their perform- 
anees? This would appear to be the 
question that must be answered before 
the controversy ean be settled. 

It is of interest that Gordon and 
liolt, both acknowledged authorities 
in the field of infant nutrition, reach 
much the same conelusion after their 
extensive and critical analysis of per- 
tinent data. Both agree that there is 
insufficient evidence from the work 
done thus far upon which to base a 
firm judgment either for or against 
high or low protein feedings. Gordon, 
however, clearly states his preference 
for retaining the protein allowance of 
3.5 Gm. per kilogram per day. Holt, 
on the other hand, while he frankly 
admits he does not know the answer to 
whether we are safer with 2 or 3 Gm. 
or more of protein per kilogram in 
infant feeding, gives one the impres- 
sion he is not econvineed the lower pro- 
tein levels may not be enough. 

If we turn now to the second part of 
our query (Why is the issue over a 
high vs. low protein allowanee impor- 
tant’), several reasons may be ad- 
vaneéed, First, it is important beeause 
it represents an unanswered challenge 
in the field of infant nutrition. <A 
problem exists for whieh a solution has 
not been found. To the true scientist, 


regardless of all other considerations, 




















this is a state of affairs not to be 
tolerated. It seems safe to predict that 
the present controversy will serve as a 
spur to further and more exact in- 
When the incontroverti- 
ble evidence is finally at hand, the his- 


vestigations. 


tory of infant feeding will have re- 
eorded another important advance. 
The problem is important also to the 
physicians of the nation who prescribe 
feedings for infants. True, infants 
exhibit a surprising degree of adjust- 
ability to wide variations in composi- 
tion of feedings offered, and so long as 
intake is not limited they do quite well 
for themselves in response to their own 
built-in regulatory mechanisms. Never- 
theless, the responsibility rests with 
the physician to be familiar with the 
composition of the feedings he pre- 
It may be that the present 
controversy will serve a most useful 


seribes. 


purpose by making physicians more 
aware of the complexities of infant 
feeding and the need for a more criti- 
eal evaluation of what is prescribed in 
terms of its nutritional potential. 
Another group to whom the protein 
allowanee in infant feedings is im- 
portant consists of the manufacturers 
of infant foods. Naturally, the manu- 
facturers of the products simulating 
human milk would be pleased to have 
the low protein advocates proved cor- 
rect, while the evaporated milk indus- 
try and the others whose products con- 
tain the high protein levels would be 
equally pleased to have the issue re- 
solved in favor of their products. It 
is easy to speculate that the present 
controversy may have been stimulated 
by, even finaneed and supported by, 
industrialists seeking advantage for 
their particular products. While it is 
probably true that both the low and 
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high protein advocates have their 
counterparts among the industrialists, 
nevertheless, we believe all are equally 
interested in establishing scientific 
truths and that when these have been 
established the manufacturers will not 
hesitate to adjust their products ac- 
cordingly. 

Finally, consideration must be given 
to the importance of a protein allow- 
ance for countries other than our own. 
Recently the Food and Agricultural 
Organization of WHO has_ recom- 
mended that ‘‘2 grams of protein per 
kilogram may be taken as a satisfae- 
tory figure for the requirement of the 
voung infant up to six months when 
the protein is from breast milk or 
eow’s milk supplied in a form readily 
digested by the infant.’’ It is neces- 
sary here to know what purposes 
FAO had in mind in making such a 
recommendation. We would presume 
it was meant to apply to areas in which 
the milk supply was not as plentiful 
as in the United States, and _ that 
minimal allowances rather than opti- 
mal allowances were being defined. 

In the eurrent Recommended Die- 
tary Allowances (publication 589), the 
following discussion of protein allow- 
anees occurs in the text. ‘‘The protein 
in human milk represents about 8 per 
cent of the total calories. Available 
evidence does not permit conclusions 
as to whether there is or is not a signifi- 
cant difference in the biologie value 
of the proteins in human milk and 
ecow’s milk. Levels of intake of 3.5 
grams per kilogram from age 1 month 
to 6 months, and of 3.0 grams per kilo- 
gram during the remainder of the first 
year, are undoubtedly well in excess of 


minimum requirements and afford 


ample allowances to meet the needs of 
Allowances for the 


healthy infants. 
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artificially fed infant may lie in the 
range of 2.5 to 3.5 grams per kilogram 
from 2 to 6 months and 2.0 to 3.0 
grams per kilogram during the re- 


mainder of the first year. In current 


practice, diets furnishing 3.5 grams of 
protein and more per kilogram are in 
common use.”’ 

This brief summation makes it clear 
why the Food and Nutrition Board 
deemed it advisable to leave blank the 
space reserved for a recommended pro- 
tein allowance for infants. But until 
the controversy is settled by the aceum- 
ulation of convineing evidence gained 
from adequate clinical trial and meta- 


* * @ # 
N this issue the question of optimal 
protein allowances for infants is dis- 
cussed in detail by Gordon and Holt. 
Gordon presents a systematic analy- 
sis of the evidence supporting the effi- 
eacy of protein intakes lower than 3 
to 4 Gm. per kilogram per day (15 per 
cent of the suggested ealories). The 
evidence accumulated from nitrogen 
balanee studies, growth curves, and 
many biochemical investigations does 


not substantiate unequivocally the 


validity of 2 or 3 to 4 Gm. per kilo- 
gram protein allowances. 

Such a finding is not unexpected. 
Inherent in studies of the effects of in- 
take on body composition are certain 
systematie errors. First, retention in 
balanee studies represents the small 
difference between two very large 
quantities—intake and output. Almost 
invariably, a high intake mathemati- 


cally leads to greater retention since 


unavoidable small errors in balance 


OF PEDIATRICS 


bolie data, there would appear to be 
no good reason why physicians need 
modify a feeding practice which has 
demonstrated its general satisfactori- 
ness over a period of many years. 
Studies have shown that healthy in- 
fants in good homes in this country 
ingest even larger amounts of protein, 
rather than less, than the recommended 
3.5 Gm. per kilogram. To reduce the 
protein intake of formula-fed infants 
to the levels found in human milk in 
an area where higher levels are readily 
available would seem impractical. 


Lee Forrest Hill 


technique—regurgitation, stool and 
urine losses—lead to artifactual reten- 
tions. If absolute intake is greater, 
the same percentage errors in analyses 
and procedure lead to greater caleu- 
lated retention. 

Second, since most studies are 
carried out with intake related to body 
weight or a factor thereof, acute re- 
tention of water with one or another 
feeding regimen automatically guaran- 
tees a greater food intake (calories, 
protein, ete.) per unit of active cell 
mass. Therefore, mixtures 
with greater solute retention (particu- 
larly NaCl) eannot be equated with 
those of lower solute retention on a per 


feeding 


kilogram basis. Since surface area is 
derived from weight, the same difficulty 
obtains to a degree. This principle has 
been largely ignored in feeding studies, 
but small differences in intake per unit 
of active mass become large when pro- 
jected over long periods. 




















I believe it is appropriate that no 


in the 
Recommended Dietary Allowances otf 
the Food and Nutrition Board. Opti- 
mal feeding must in 
terms of that feeding mixture which 
provides the largest margin of safety 
under the environmental conditions 
existing and in the particular infant. 

Since environment such as tempera- 
ture is not static and since the infant 
is in a constant state of physiologic 


rigid allowance is set down 


be considered 


maturation, optimal allowance for pro- 
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tein in relation to calories and water 
cannot be stated for all infants every- 
where. 

Regardless of the final opinion of 
these authors, an important contribu- 
that to the 
practitioner is to remind him that the 


tion these papers make 
feeding of infants is still an important 
aspect of pediatrics which demands his 
awareness of advances in physiology 
and nutrition. 


Robert E. Cooke 





FOREIGN LECTURESHIP PROGRAM FOR 1959 


S ANNOUNCED in the JourRNAL 
A of last November, a change has 
been made in the Journal of Pediat- 
ries Edueational Foundation “Foreign 
for 1959 due to 
the triannual meeting of the Interna- 


Lectureship” program 


tional Congress of Pediatrics in Mon- 
treal the week of July 19, 1959. Eight 
lecturers, selected by the Foundation 
from a list of names suggested by the 
program committee of the Congress, 
were invited and have accepted the 
invitation of the Foundation to spend 
the week of July 12 as a visiting lee- 
turer. Through the cooperation of 
departmental chiefs of staff, the re- 
quests of some of the lecturers to spend 


the week at a particular clinie for one 


reason or another have been met. The 
list is as follows: 
S. T. Achar, Madras, India, Pro- 


fessor of Pediatries at the Univer- 
sity of Madras and Director of the 


Institute of Child Health in 
Madras. 
E. K. Ahvenainen, Jyviskli, Fin- 


land, a pathologist who has made 





many contributions to pediatric 

pathology. 
Horst Bickel, 

Professor of Pediatries at the Uni- 


Marburg, Germany, 
versity of Marburg. 

K. C. Chaudhuri, Caleutta, India, 
Director of the Institute of Child 
Health in Caleutta, and Editor of 
the Indian Journal of Pediatrics. 

Wilfred Gaisford, Manchester, Eng- 
land, Professor of Child Health at 
the University of Manchester. 

E. Kerpel-Fronius, Pees, Hungary, 
Professor of Pediatrics at the 

University of Pees. 

J. P. M. Tizard, London, England, 
member of the staff of the In- 
stitute of Child Health in London. 

Rolf Zetterstrém, Géteborg, Sweden, 
Professor of Pediatries at the Uni- 
versity of Goteborg. 

Dr. Bickel will spend the week at 
the Children’s 
Cincinnati; Dr. Ahvenainen at the 
Babies Hospital in New York; Dr. 
Zetterstrém at the Children’s Memorial 
Hospital, Chicago; Dr. Tizard at the 
Department of Pediatries of the 


Research Foundation, 
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Western Reserve Medical Sehool, 
Cleveland: Dr. Gaisford at the Chil 

dren’s Tlospital in St. Louis; Dr. 


Chaudhuri at New York University 
Bellevue Medical Center, New York; 
and either Dr. Achar or Dr. Kerpel- 
Fronius at the Hospital for Siek Chil- 
dren, the other at a 
clinie in the United States. 


Toronto, and 





PEDIATRICS 


OF 


The Foundation plans to return in 
1960 to a foreign leetureship program 
similar to that of last year, when Dr. 
Hallman was visiting lecturer for a 
week at a number of clinies at a more 
favorable time of the vear. 

The list of domestie lecturers 
1959 is not complete at the time this 
issue of the -JJoURNAL goes to press. 


for 


Erratum 


In the article entitled ‘* 
Lesions,’’ by Dr. Rachel Ash, 
nan, and Dr. William Rashkind, 
able the number 
13, not 10, the percentage of deaths, 76.4. 
the total percentage of deaths, 11.0. 


Cardiovascular Surgery in a Children’s Hospital. IT. 


Dr. Julian Johnson, Dr. C. 


Cyanotic 


Everett Koop, Dr. Sidney Fried 


which appeared in the March issue of the JOURNAL, in 


of deaths among children with transposed great vessels should be 


The total number of deaths should be 48, and 








